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PREFACE TO THE THIRD EDITION. 


In the prcpai'ation of this edition so inucli has been added) 
and. so much inodified, that to some extent the book may U*. con- 
sidered a new one. Nevertheless, the Jilditor lias, as far as 
l)ossible, worked on the plan laid down by Prof, llonfrey, and ex- 
])laiued liy him in the following qiiolatiun from tlici original Frefac*e. 
Adverting to some remarks made by Sir Joscqdi J looker and Dr. 
I'homsoji to the effect that 

is done to the cause of liutany by occupying the attention 
of students ill the lirst iuntaiico with the ob^troct |Nirts of llio Hch^nce/’ 

Prof. Honfixsy remarks, in terms as applicable now as at the time 
they wore first written (1857), that 

• The largest class of studtmt.H of Dotaiiy are those who pursue the 
subject us one included in the prescribed course of medical education, 
One bhori course of lAHstures is do\oted to this science, and three months 
is commonly all the time allotted to the teacher for laying the foundations 
and building the superstructure of a knowlcxlge of liotany in the minds of 
his pupils, very few of whom come pi'epared even witli tlie most rudimen- 
tary acquaintance with he science. To direct the attention of the 
student to a series of isolated facts and abstract propositions relating to 
the elementary anatomy of plants, is to cause him to choige his memory 
or Ids note-book wdth materials in which he can take but little interest, 
from his incapacity to perceive thrir value or applications. iSome of the 
most impoiiant questions of Physiology are as yet in no very advanced 
state, and the conflicting evidence on many of these cannot 1^ properly 
appreciated without an extensive knowledge of plants. 
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But if we endoavoiiT to pcizo the floating cf)nci»ptions furninlied by 
rounnnn cxpeiicuice^ and to fix and di‘liue them by a course of exact 
])i':u'tical obser\atioii of the inoi'e acceAsiblo characters of plants (showini^ 
the n‘latioii8 of these as they occMir in diflerent divisions of the Yei'etable 
Kiii;'dom), wc ]dace tlie student in a position which enables him to pro- 
dded at oiu'15 with an intpiiry into tlie piTiiliurities of the ])Liuts ho 
iiici^ts with, and in this w’ny to acquire a fund bf practi(;}il knowledirt‘| 
Avhich is not only absolutely r«s|iii.NitH before enli'nii^ on aUstraci iu- 
qulL'ies, but is especially calcuhitdl to M^cure his ponuaneiit interest in the 
at iidy. 

“ riiyMolofry ia imdouljt<»dly of the highest impirtanci*, and from its 
nature is that pirt of tlie Science which, were it not for the aliovi^ diili- 
I'.ulties, woidd witJi most advantage be taught by Lectures. If the 
pi-evitnis education of iiuHlitMil Htudents prtqmi'ed them, ns it shouhi, with 
an elenieiitary knowledge of the Natural Sciences, w'o should make 
I*hy>iology the most consjiicuous featui'e of a course* of Jk)tany in a 
Medical School. In the mean time we subcmlinatt* it to the* other branches 
in ])ract)ca] t(*n(‘hiiig, and in this volume have d«*alt witli it in wliat avc 
legaiit as ita pro|K*r jdiw-e in the owler of study.” 

Since thoso rtunarks wore written, and owing in part to tho 
advancos made in tlic Scionco of Vegetable Physiology, Ihe ^ibjc'ct 
lias received inoi*o attention in this country, while at the TJnrt'ersity 
Kxaininationa greater stress tlum heretofore is laid upon it. ITow- 
o\or desirable in ojie sense this may be?, it is at present olqcction- 
able, because few or no nieaiis are open to the average studeut^f 
inalviiig hiins(?lf practically familiar w'ith Experimental Physiology. 
Mort*ovcr, the skill in manipulation and microscopical observation 
requir(*d for anatomical or physiological iiivostigations cannot 
possibly be acquired in tho few months devoted to the subject 
by the majority of studiuits and eaudidateepfor examination in tho 
S(*iciitific and IVfcdical Pacultics. Sooner or later these defects 
in the practical teaching of Physiology will doubtless be remcdicMl. 
In the mean time, practical tuition in Morphology and tho rudi- 
ments of Closejficatiou appears to bo the best and most ready 
method of training a sindeut to observe, to reflect, and to classify. 
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By its moans also tho enl offcMsts of tho s^'stom of loading ilio 
niemory with seconrlhaiiil inrorination — of no uso whatever outside 
the walls of tho OAamiiiation-rooiii, and iiulood of hut little sen ice 
in tlie practical examinations (now happily iuslitiited at the Uiii- 
x'(Tsity of London and elsewhere) — may lx? a\ouled. 

In the proHont edition the additions to the ^Morphological chap- 
ters have been chi(‘Hy taken from tho writings of liraiin, Jlaillon, 
Kichler, Warming, Van Ticgln^in, and others. In this depnrtiiu^nt 
the Editor has also to aekiiowlodgo the valuable assistance riMi- 
deml him by theltev. (Jeorge Ilenslow, particularly in tho sections 
relating phyllotaxis and msti\ation. 

In th(? arrangement of the Natural Ordeis tluj plan adopted by 
Eenlliaui and Jloolo'r in their iiiAaluablo ‘ (Jeiu^ra Plantarnm' has 
been followed so far as that work evt(*nds. 

TIi 45 account of lh(» Crypt ugainia lias been nwised, and that con- 
cerning tho Eungi uritten arr<»!«>h by iVfr. George -Murray, of tho 
Hotaiiical lle])artment of the British iVInsenni, to whom the Kditor 
would hero oiler his cordial acknowledgments. 

■ • Tho Physiological Section has lK*cn mostly rewTitten, and inneh 
lias been added to it. Fse has btJen nnuhs of Ssichs’ ‘ITandbuch 
dor Experimental IMiysiologie dor Pflanzou’; of the English and 
French translations of tho ‘Lehrbnch,^ of the same author — tho 
former published under the superintendence of IVlessrs. Eennett 
and Thiselton Dyer, 1:he latter under that of IM. Van Tieghem, 
whose version is enriched with numerous original notes. In 
addition, tho Editor has availed himself of Diiehsirtre’s ‘filiments 
do Botanique,’ Eehdrain's ‘ Cours do Chimie Agrieole,’ and more 
especially of numerous n?cont original memoirs published by Bous- 
singault, Darwin, Trecul, PfeflEor, Jauezewski, Corenv^inder, Van 
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Tieghem, Strasburger, Lawes and Gilbert, McNab, Vesque, Eau- 
M^enhoff, Warming, and many others whom it is not possible to 
specify in a work of this character. 

Comparatively few alterations have been made to the chapters 

■ 

on Geographical and Geological Botany, which, for their effective 
treatment, would require another volume. The additions in these 
subjects have been chiefly derived from the writings of Hoolver, 
Grisebach, Tchihatchef, Williamson, Crepin, and Carruthers. 

Some additional woodcuts have been supplied, whose source is 
acknowledged in the text. 

M. T. M. 

March 1878. 
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ElEMENTAEY COUBSE 


07 

BOTANY. 


GENERAL INTRODUCTION. 

\ 

Sect. 1. OBJECTS AND SUBDIVISIONS OF THE SCIENCE. 

Botany is that department of Natural Scieztce which deals with 
Plants, their conformation, life-history, relations one to another 
and to the universe of which they form a part. No absolute dis- 
tinction can be drawn between plants and animals. 

At thoioutset we must be content with the conception of a plant as fur- 
nished by the previous experience of the student ; this will be enlai;^ 
and at the same time rendered clearer by the study of the following 
pages ; and, after the more important {principles of physiology have been 
expounded, a clearer notion of the relation ot plants to other living beings 
as well as to unorganized or mineral substances may be obtained. 

Botany is divisible into two principal departments ; — the Natural 
Hisdory of Plants, which deals with the characteristic phenomena 
presented by the individual kinds of plants; and Phihsophical 
Botany, the object of which is to ascertain the general facts and laws 
which pertain to more or less considerable assemblages of plants. 

Philosophical Botany represents the pure science ; and it is with the 
depaitments of this we have chiefly to do in this work. The Natural 
HLstory of Plants, which in early times constituted the whole science, 
resolves itself, at tne present time, into a number of distinct branches of 
Applied or Praetical Botany, 

Philosophical Botany includes the following departments : — 

I. Morphology, or the Comparative Amttomy of plants, consisting 
of the study of the outward forms of the diverse parts of plants. 

U. Elementary or Philosophical Anatomy: the study of tlm 
tissues of which plants ore composedj and the intimate staructoie 
of their several parts. 
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With these two is conveniently associated the Termimhgy^ or 
technical language of Botany. 

III. Physiology : the study of vital phenomena, or of those pro- 
cesses and actions performed by the living plant, including those 
specially characteristic of plants, and also those which are com- 
mon to the animal kingdom, as well as the consideration of the 
general physical agencies pertaining to the mineral kingdom equally 
with the two others. 

IV. Classijication^ which is the study of the mode of arranging 
the kinds of plants in groups and series of groups either ** ai'tifi- 
cidly,” when convenience and facility of study are the chief aims, 
or according to their supposed lineage and kinship, and thus to ex- 
press in an abstract form their mutual relations and their degrees 
of perfection in or^nization. This department includes the 
Principles of Descriptive Botany and of the Nomenclature of kinds 
and classes of plants. 

Applied Botany is divisible into many departments. That most 
closely connected with Philosophical Botany is Descriptive Botany^ 
which is the art of describing the particular kinds of plants in 
technical language, in such a manner that they may be readily re- 
cognized by botanists. Special works are commonly devoted to 
this branch, and are very commonly confined to the plants of a 
limited area, as a particular country or even province ; such books 
are called Floras, Phai^maoeutical Botany treats of the medicinal, 
nutritious, or poisonous properties of plants. Vegetables posses- 
sing such properties are generally included under the Iheod of 
Materia Medica, to which subject special treatises are also devoted. 
Agricultural, Horticultural, and Economic Botany are often treated 
as distinct subjects : the first two are founded on the application 
of the principles of Physiological Botany ; the last on the ascer- 
tained ^ts of Comparative and Elementary Anatomy, and on the 
combination of these facts with chemical and mechanic^ knowledge. 

None of these departments of Applied Botany receive separate treat- 
ment in this work, although incidental reference is made to them to 
indicate the application of the laws and facts of Philosophical Botany 
toikem. 

Botanical Geography and Botaniccd Geology (or Palosontology) 
are mixed studies, founded on the association of the results of pure 
and of applied Botany with those of other sciences : the first is re- 
lated most closely to Physiological Botany, but has some problems 
sui generic, to be solved only by independent facts and observa- 
tions; the second has some very interesting relations with the 
Scientific Glassification of plants. These two dep^monts, as 
applications of the science, have a peculiar philosophical interest, 
but can only be very briefly alluded to in this volume. 



JKTBODITOTIOjr. 3 

In the present work, the different departments are treated of in 
the following order ; — 

Part 1. Moepholoot, or Compaejltivb Akatoht op Plaets* 
2. SxSTEBiATIO BoTAET. 3. PflYSlOLOOP, including PHYSIOLOaiOAL 
Anatomy* 4. G-eogbaphical and Geological Botany. 

Sect. 2. METHODS* AND MEANS USED IN THE STUDY 

* OP BOTANY. 

Eiamination of Plants. — The study of the morphology of plants, 
to which the first Part of this volume is devoted, necessitates little 
more than a supply of fresh specimens, a penknife, two or more 
needles mounted in handles, and a pocket magnifying-glass of 
moderate power. One of the needles should be of the ordinary 
form, -and ethers with a fiat top with a cutting-edge like a 
hare-lip pin.' Boots, stems, and leaves require little or no prepara- 
tion ; and the dissection of most flowers is a very simple operation. 
The majority of the characters of many flowers may be observed by 
simply removing successively the parts with a penknife, and by 
examining them in perpendicular and cross slices. In anjr case care 
should be taken to detach and observe the parts in regular order, 
so as to ensure an accurate knowledge of the way in which the 
different parts are arranged. Perpendicular sections of entire 
flowers made through the centre and from below upwards are very 
instructive ; and horizontal sections through unopened buds, both 
of leaves and flowers, are likewise necessary for the examination of 
the relative position of the organs and of the way in which they 
are packed. When flowers are extremely minute, and also for the 
• investigation of the structure of ovules and seeds, a pocket-lens 
mount^ on an upright bar, or a simple microscope, becomes requisite. 
The latter instrument consists essentially of a stand, provide with 
a movable arm supporting a mamifying-glasa over a stage upon 
which the object is laid, so that Wh h^ds may be at liberty for 
its dissection. The stage is an open frame, upon which a slip of 
glass rests; and the object to be examined, lying on the glass 
slip, ma^ be illuminated^by a small mirror beneath sending light 
through it, or, if required, by a condensingJens at the side bring- 
ing a bright spot of converging rays it. The dissection is 
effected with a fine dissecting scalpel and needles. By their means 
the parts of the flower can be separated one from another so as to 
show their numbers, form, combmation, and position with regard 
one to another. 

In pursuing the study of Systematic Botany, the s^e means 
are used, the only difference being that the investigation of each 
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flower is carried out in detail, and in comparison uith others, so 
as to ascertain all its characters, with a view to determine its 
special peculiarities and its relations to other plants. It is a verj 
useful and improving exercise for the student to make drawings, 
however rough, of what he sees, to make a thorough examina- 
tion, and to write down in full the appearances of the plants he 
meets with, before searching in books for tficir names, and also to 
do the same with known plants, and then to compare the characters 
thus drawn up with those given in authentic works. Further m- 
struction as to the mode of describing plants and the ude of 
schedules as required in most examinations is given in the section 
devoted to the description of plants. 

To those who follow out Systematic Botany in detail, and wish 
to gain acquaintance with the species of plants, it becomes neces- 
sary to have access to a Herbarium — that is, a collection of -plants 
so dried that the specific characters, at least, are preserved. In 
many cases, if the drying has been carefully effected, the generic 
characters may be ascertained by soaking the flowers in boiling 
water, when they become softened and the parts separable, like 
tea-leaves after infusion. Herbaria furnish materials for the com- 
parison of plants, as it is seldom that a number of species of one 
genus can be obtained either wild or in gardens in a fresh state at 
one time. Persons living in the country, and studying the British 
plants, will find it indispensable to form a collection of dried 
specimens. • 

How to dry Plants. — Plants are dried by laying them out 
smoothly when fresh between several folds of paper (either stout 
blotting-paper, or, still better, what is called “Botanical paper,” 
made for the purpose), and submitting them to pressure by means 
of weights laid on a board. The damp paper must be frequently 
replaced by dry sheets ; and when the plants are quite dry, they may 
be fixed to half-sheets of white paper, with a little thip glue, or by 
simply attaching them by bands of gummed paper, or by stitehing. 
The l^st kind of paper is stout white cartridge, of demy size; 
some prefer a stout writing-paj^r, rather smaller, of the same size 
as lawyer’s “ draft”-paper. Only one species should be placed 
upon one half-sheet ; the name should oe written on the lower 
left-hand corner. The half-sheets containing the species of a genus 
may be placed in a sheet of the same paper, the name of the genus 
being written outside, likewise at the left-hand bottom comer. 
These sheets may be kept in drawers or in pigeon-holes of a cabinet, 
or may be tied up in bundles, between covers of stout pasteboard. 
It is advisable to poison the dried plants with a solution of corrosive 
sublimate in spirits of wine, as some of them are vei'y liflble to be 
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devoured by insects of various kinds Plants preserved in her- 
baria, especially if rare or local species, should always have the 
time and place where they have been gathered carefully noted. 

Anatomical Study. — The study of the Elementary Anatomy and 
the Physiology of Plants opens up a far more extensive field for the 
emplo}>ment of instruments and technical manipulations. First 
of all a compound microscope is an essential. For the student, 
magnifying-powers of 1-inch, ^-inch, and |-inch are amply suffi- 
cient, although the more abstruse questions require the most per- 
fect -and powerful instruments that can be obtained. For general 
students’ use the binocular microscope has no advantage over the 
ordinary instrument. 

The tissues of plants are observed for the most part by means 
of extremely thin slices passing in various directions through the 
structures. These are usually best made with a razor. Stems, 
pieces of Wood, and other firm objects, when being cut, may be 
held in the finger and thumb of the le^ hand ; delicate and thin 
structures, like leaves Ac., should be placed between the two halves 
of a split cork, or , rolled round the edge of a cork, and the cork 
supported by sticking it in the neck of a vial or test-tube, which 
serves as a handle. Seeds and similar small objects may be fixed, 
for slicing, on a piece of white wax. Where it is not imperative 
to examine the tissues in situ, small portions may be softened by 
boiling In water. 

Sometimes it is useful to obtain preparations by macerating the 
softer issues, either in water or weak acids. In the case of woody 
structures recourse may be had to an operation which requires a 
little care : a fragment ,of the wood should be placed in a watch- 
glass with a morsel of potassic chlorate, to which a drop or two of 
nitric acid is added by means of a glass rod, the w^hole roing gently 
heated for a minute or two, and water being poured on to prevent 
complete solution. The fragments macerated in any, of the^ ways 
being placed on a slip of glass beneath the simple microscope, the 
elementary organs may be picked out with a needle or extremely 
fine camel-ham pencil, under a simple lens of or |-inch focus, 
and removed to a clean slide. 

The thin slices, or the fragments of macerated tissues, should 
be laid upon a slip of glass, a drop of water added^ and a thin 
glass cover laid on. They may then be examined under the com- 
pound microscope. Obiects of microscopic dimensions, such as 
minute Algte, Fungi, pollen-grains, Ac., require no preparation. 

* The mixture in use at the Kew herbarium ooDusts of oorroBive sublimata 
one ounce, owbolic acid one ounce, methylated spirit two pints; mix. It must 
be used with great oare^ owing to ita poisonous qualities. 
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To lender tissues transparent they may be soaked in a dilute 
solution of caustic potash for a few minutes. If by this means 
made too transparent, the tissue should be immersed in a dilute 
solution of alum or of hydrochloric acid. 

It is very instructive to apply chemical reagents of various kinds 
to the objects lying in water upon the microscopic slide. Dilute 
sulphuric acid is often useful to coagulate protoplasmic structures 
and to clear delicate tissues ; when this is added first, and after- 
wards solution of iodine, the younger cellular structures turn blue, 
while the older ones become deep yellow. Iodine alone colours 
starch-grains blue. Sugar and nitric acid colour the protoplasmic 
structures red. These reagents may be applied by means of 
dropping from a glass rod or fine tube. It is often advantageous 
to soak the sections for some hours in a solution of pure carmine 
in ammonia diluted with water. The nuclei and cell-contents 
become tinged with the carmine, and can thus be more readily 
distinguished from the cell- wall. More particular reference will 
be made to them in the chapters on Anatomy. Microscopic pre- 
parations of soft vegetable structures are best preserved in 
glycerine or strong solution of calcium chloride. Some objects 
are advantageously mounted in Canada balsam ; these must be well 
dried first, and, for a few days previously to mounting, should be 
soaked in spirits of turpentine. Those who desire to obtain 
minute instructions on the manipulations necessary for the study 
of Vegetable Anatomy, may consult Schacht^s ‘ Microscope,’ trans- 
lated by Currey, or the articles on these subjects in the ^Micro- 
graphic Dictionary.’ 

In physiological investigation various pieces of philosophical ap- 
paratus are requisite. It is also often necessary in studying the 
life-history of plants, especiaUy the lower ones, to grow them i^er 
different conditions and to watch them in their several stages. 
For these purposes special appliances and chemical solutions are 
needed. 

Lastly the student must remember that Botany is not an “ exact” 
science. Barely, if ever, can a definition be framed in any branch of 
natural history which is not subject to frequent and considerable 
exception. Tbese exceptions arise from*’ the natural variations 
which occur in afl living organisms, either . in accordance with 
existing circumstances or as hereditary tendencies. Again, it must 
be home in mind that Botany is a progressive science, and there- 
fore that the language and terminology in general use is not 
always strictly accurate according to the most advanced state of 
science ; hence many of the terms have to be taken in an arbitrary 
or in a conventional sense. j 
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CHAPTER I. 

GENERAL MORPHOLOGY. 

General Semarks.— The functions of plants being comparativelj 
simple, and, to speak in general terms, limited to those of nutrition 
and reproduction, the physiological classes of oigans are few. The 
immense diversity which presents itself in the Vegetable Kingdom 
depends chiefly upon varieties in the form of organs performing 
similar functions. In addition to this, the organs of plants are 
displaj ed externally, not enclosed in cavities or surrounded by an 
integument or shell like, that of animals, so that the external forms 
of plants furnish a guide to the discrimination of their most 
essential characters. 

Plants are destitute of the nervous system and the organs subservient to 
it, and are without the connected sptem of blood-vessels, by which, in 
the majority of animals, the unity and interdependence or the nutritive 
processes are maintained. Plants consist simply of organs of absolution, 
lusimilation, respiration, and reproduction, allcomposed of comparatively 
uniform elementary tissues, *and supported by a sobd framework or skele- 
ton, which is more strikingly developed according to the number of organs 
associated in one communny, and more diverse in its mode of construction 
according to the variety and complexity of the physiological kinds of organs. 

The organs of plants are not only of few physiological kinds, but 
their variations in form depend on secomwy mrafications of a 
very few fundamentally Averse elements. T&e object of VegeteUe 
Morphology is to ascertam what these elements are, and to trace 
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out the laws under which they acquire the different forms which 
they present in fully deyeloped plants. 

The methods of MoTpho|ogy consist in the comparatiTe study of the 
forms of oiigrans throughout extensiya series of plants, the study of znal- 
fonuations arising from arrested, excessive, or perverted growth iterator 
logy)y and the study of the progressive development of plants from their 
embryonic forms (organogeny). , 

Simplest Plants. — The simplest plants (fig. 1) consist of solitary 
eelh or bladders of membrane contawing a viscid fluid called 
jprotoplasm^ in which latter the vitality of the plant is concentnited. 
By the aggregation of such cells into threads, tubes, plates, spheres, 

Fig.l. 


A 



Si]Bpl6 

A. TeMt-pluitTegetiriiiiig. 0. FtnMtthm gtoneim. 

B. AjtpergtUiua glanetu. D, J^^teor JUuMdo, 

Haffniaed 900 diametaM. 

and other forms (flg. 1, A, B, 0, D), a gradually increasing com- 
plexity is brought about. 

Sigher Plants. — What are caUed the higher dasses of plants, 
those most familar to^uninstructed persons, are constructed of pre- 
cisely the same elements, but exhibit the greatest morphological 
complexity. The highest class of ^bmts have ooospicaious flowers^ 
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as in a tose or a tuUp, and in their fruit or seed-ressel are one or 
more Beeds — hence the name Pha^Mragnmia^ or Flowering PkaUe. 
The complexity of their structure arises not from the number of 
the organs, but from the more eleariy defined limitation of the 
various physiological functions to the Afferent ^irgans, whirii are 
thus more specialized. At the same time the organs are, ana- 
tomically shaking, mere intimately combined together into a con- 
nected whole, and the reproductive powers are more individualized 
and concentrated at particular centres. 

The foregoing may be comprehended by contrasting any ordinary 
Flowering plant, having distinct blossoms and seed-bearing fruit, with a 
Fern, where the fruit is borne upon leaves generally of the usual character, 
and again with a Seaweed or a Lichen, in which there is not even any 
distinct separation between stem and leaf-structures, and wherein no leaf- 
buds exist. 

In Flowdrlng plants we readily distinguish, in all stages of life 
beyond the very earliest, two distinct kinds of growth, viz. a stem 
or axis, from the sides of which proceed lateral organs, of various, 
but always defimt^';fcinds ^nd forms, such as leaves, Ac., which 
become what are called its’^appendages. In Seaweeds, Lichens, and 
Fungi there is no really similar divers!^ of parts : the axis alone 
is represented, always devoid of leaf-buds, and therefore of proper 
appendicular organs, the axis itself assuming most varied forms, 
often lAore or less approaching those of true leaves, but never exhi- 
biting a distinct separation into two kinds of vegetable structure 
such as characterizes the higher plants. A distinctive name is given 
to that class of axes which exist witimut appendicular vegetative 
organs. Such products as the leaf-like expansion of Seaweeds, the 
scale-like plates or crusts of Lichens, or the flocculent “ spawn” of 
Fungi, performing at Once the functions of stem and root and leaf, 
represent what is teohnioolly termed a thaUue (fig. 1). Plants 
characterized by the possession of this kind of vegetative structure 
are called Thallophytes, and are contrasted with all the higher 
plants exhibiting the coexistence of stem and leaf, which are c^ed 
Axophytes or C^nnopbytes (from comus, a stem). 

But the CcnrmophytM are again distinguishable into two very 
well-marked groups, b^ the characters of &e reproductive organs, 
which, moreover, connect the lower of the two groups with the 
Thallophytes. The Thallophy^ and the lower Cormophytes (ia^ 
eluding Mosses, Ferns, ana allied classes) are reproduced by 
simple structmea performing the ofiioe of a seed, but in whi^ no 
embrgo or rudimentiOTpIant exists at the period when they are thrown 
off by the parent. llie hia^r Cormophytes are reproduced l:^:^tm0 
$eed$^ wbi^ arefrr more highly oigauized bodies than sporesi wd 
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which are especially characterized by the presence of an embryo^ or 
rudimentary plant, which is develojped within them while the s^ 
is still contained in the parent fruit. The latter division also is 
characterized by the possession of flowers, while the spore-bearing 
Cormophytes are flflwerless, like the Thallophytes. 

By far the greater portion of the plants useful to man belong to 
the Phanerogamous division ; and tUs includes also the most con- 
spicuous and familiar forms of vegetation, those most easy to pro- 
cure and most easy to study. Hence it is desirable that the 
Plowering plants should occupy a principal place in an elementary 
work, and, moreover, that they should be examined in the flrst 
instance, before the student is led into the study of the more 
obscure and minute characters of the Cryptogamia, But the study 
of Cryptogamous plants is quite indispensable to the physiologist ; 
while it forms a most interesting department of the morphology of 
plants. It will be found most convenient, however, to defer the 
study of the Cryptogamia till after a general acquaintance has been 
obtained of Plowering plants. 


CHAPTER IT. 

MORPHOLOGY OF THE PHANEROGAMIA. 

Sect. 1. GElfEBAL ObSRBYATIONS. 

Oenetal Construction of Flowering Plants. — In, any ordinary 
Flowering plant we may readily recognize some of the mpst impor- 
tant characters of the Organization. Taking the plant as a whole,, 
we And a stem^ furnished below with roots to fix it in the ground 
and absorb nourishment, and clothed above with green leaves^ which 
are known to be the organs of respiration and digestion. Taken 
together these constitute the system of viiyetative organs^ more or 
less complicated in their development and arrangement in diilerent 
cases, and concemed in the nutrition and enlargement of the indi^ 
vidual plant (in the familiar sense of that term). At certain 
seasons we And, supezadded to the foregoing, a system of organs 
constituting the wfarescencoj and consisting of the reprodw^vo 
organs^ provided for the production of ss^dt (the eggs,” as it were, 
of plimts), from which new independent in^viduals may be raised*. 
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The infloriteenee consists of one or more Jhwera^ which, es will be 
shown hereafter, are composed of various kinds of peculiariy 
modified foliar appendages, or jphyUmes^ more or less blend^ 
together into compound organs. Tor our present purpose it will 
sutfice to describe the general and essential ohaAtcters of the parts 
found in true flowers. 

The outer covering ef complete flowers consists of a circle of 
leaf-like organs, most frequently of green 
colour, and often forming a kind of cup ; 
this cup or circle of leaf-lme organs is called 
the ca^.r, and its component parts are the 
sepdlu. Within the calyx of complete flowers 
we find one or more circles of ordinarily larger,' 
but more delicate, and generally brightly 
coloui^jsd leaves; these are likewise united 
together beldw in many flowers : they form 
collectively the corolla^ and the individual 
parts are called petals. 

Examples of the eSSbve may be found in the 
Heartsease, the Wallflower, the Primrose, &c.. 
where there exist a green calyx and a coloured 
corolla. In the Tiuip the outer parts of the 
flower conedst of six similarly coloured organs, 
resembling ordina^ petals; while in the Dock 
they are six greenish sepal-like organs. A close 
examination shows, however, that both kinds of 
organs stand in two circles of three, one within 
the other: hence many authors regard them as 
representing a calyx and corolla of l^e structure. 

Other authors give the double circle tiie collective 
name of perianth or periyone. 



Diaffram iUaatnitiiix the 
composition of a flower, 
of four cirolea of orgam— 
•epala below, followed by 
1 etala, etemene, and car- 
pel^ all arieing from a 
prolonged axia or thala* 


The edlyai aud corolla have no essential share in the production 
of the seeds ; they merely surround and protect the more important 
organs, either temporarily, or as entering more or less into the 
composition of the fruit, and sometimes they serve to attract and 
retain the insects by whose agency the flower is fertilised and the 
seed^ formed. The collective term floral envelopes is commonly 
applied to the calyx and corolla taken together; and either one or 
both of these maj be absent in flowers which are nevertheless pert 
fectly capable of producing seeds. 

Within tbepetalsis placed theomfrcsrium, consisting of tbea^amsNi, 
or male organs of flowers. Each stamen consists of more or less 
clttb-sbaped bodies called avUkdrs, usually supported upon thread^ 
like atalka called ^Zonidnls, The essentU character oi an anthoir 
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ifl that it contains, and ultimately discharges, the fine dust-like 
sperm-cells cnr fertilizing globules called pollen. 

The centre of the fiower is occupied by the gyncBcium or pUttl^ 
the female or seed-bearing part of the flower. Pistils are formed 
of foliar organs corresponding to sepals, petals, and stamens, and 
called carpeU ; but these are not always so readily distinguishable, 
on account of their varying number and degree of union, conse- 
quent ujpon their being crowded at the apex of the flower-stalk. 
The distinguishing character of a carpel is that it bears ovules or 
rudimentary seeds containing germ-cells. 

As the stamens furnish the pollen by which the germ-cells are 
rendered fertile, the two sets of organs, stamens and carpels, are 
considered essential organs of flowers, without which the purpose 
of the whole structure could not be performed. 

In some flowers, such as those of the Hydrangea and the SnowbaU-bush 
(Viburnum Opulus)^ there is a tendency in cultivation to the abortion of 
me stamens and pistils; so that the flowers become neuter^ or totally 
barren. But in many plants it is the natural condition for the stamens 
to occur in distinct flowers from the pistils, so that the individual flowers 
are impeifect, male or female : we nave examples of this in the plants 
of the Cucumber family, and also in most of our native forest-trees, such 
as the Oak, Beech, Hazel, or even on entirely different plants, as in the 
Willow and Poplar, &c. 

The carpels, the essential organs of a female flower, occm* in two 
conditions in Flowering or Heed-bearing plants; and these two 
conditions form the basis for the primary subdivision of this group. 

In by far the majority of flowers the carpels are folded up and 
their edges united so as to form hollow cases, in the interior of 
which* the ovules are enclosed. In such instances the pistil is 
divisible into regions, of which the lower hollow portion, called the 
ovary, is the most important : very frequently a stalk-like process, 
the style, is prolonged upward from its summit, terminariug above 
in a more or less thidsened head, called the stigma, which marks 
the position of on orifice leading down through the tubular or 
spongy tissue of the style into the cavity of the ovary. In many 
cases the stigma is seat^ immediately upon the top of the ova^, 
without on intervening style (Poppy, *^>Tulip). Plants bearing 
their ovules in such closed ovaries are called Angiotpermous, or 
covered-seeded.' ^ 

In Pines, Firs, the Tew, Juniper, and in the exotic family of 
the Cicada, the sexual organs occur in distinct flowers : and these 
flowers are not only devoid of proper floral envelopes, but are re- 
duced respectively to single stamens and single carpels, mostly col- 
lected into male and feimJe cones. The anthers the cones 



uomaoimr of flowsbzto plahiv. 


18 


produce jpolbn, and the carpels of the female cones produce otmlai; 
but the carpels occur in the form of open scales, and ^ ovules 
are borne upon the surface or the free nurans of the carrols, so 
that the pollen reaches them at once, without passing torou^ 
a stigma and style. Plants with flowers of this kind, with 
which are also associated many peculiarities in the mode of deve- 
lopment of the embryos, are called Gymnos^^ermouu, or naked- 


M^ch difference of opinion still exists among botanists as to the true 
nature of the female flower in Gymnosperms; but for the present the above 
explanation will suffice for the student. 

The Aivgiospermia, comprehending the great body of the Howeiv 
iiig plants, are separable into two very natural groups, which are 
plainly distinct in the mass, although many complex relations exist 
between thehi. Distinctive characters of the two divisions may be 
found in many parts of the organization of the majority of the 
plants ; but the most general difference is that which occurs in the 
structure of the contained within the seed. 

In one division we find that the seeds, with few exceptions, con- 
tain an embryo in which we may distinguish two rudimentary leaves, 
or cotyledons^ applied face to face, and having the terminal bud, or 
growing-point of the stem, enclosed between them. In the other 
division the embryo presents but one cotyledon, or seed-leaf, more 
or less polled round the bud, like a sheath. The plants of the first 
division are called Dicotyledonous, those of the second Monocoty^^ 
ledonom. 

Dicotyledons and Monocotyledons are naturally divided from 
each crther not only by the general characters of their mode of 
geilnination, but by the structure of their stems, the arrangement 
of the skeletons or veins of their leaves (net-veined in Dicotyledons, 
parallel or straight-veined in Monocotyledons), and the number of 
organs in the circles of the flowers (geneMly in foufb or fives in 
the one case, and in threes in the other). These distinctiye <dia- 
ra(jters will be more fully considered hereafter. 

The ripe seed of the Gymnospermia is very much like that of 
Dicotyledons ; but the Feaves of the embryo are either more nume- 
rous, or if but two are present, they are sometimes, but not always, 
slit into lobes, whence these plants havebeencalledPolycotyledonoas. 

The germination of the seeds of idl the Flowering plants con- 
sists in the emergence of the embryo, more or less completely, from 
the seed, and in the unfolding of its rudiment^ vegetative orgaxu^ 
the rmdioU, the ootyUdemary Uaf or leaves, with the stem sunpovtiiig 
them, the HgeUum^ which is sometimes very short, but whi^ Uansor 
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natea i^re m a little bud called the plumuU; the subaequent nn- 
> folding of the plumule gives birth to the first true leaves (fig. 3). 
Here, then, we have represented all the kinds of oigana of vege- 
tation which will form the first objects of our investigation, namely 
the root, the stm, and the leaf, together with the bade, or com- 
pounds of rudimentary stem and leaves, which occur at all growing- 
pdnts of the plants possessing these organn 

The phenomeiia of germination may be conveniently observed by sow- 
ing some Turnip-seeds and Oats in a saucer of moist sand covered by a 
beU-glass. The structure of a dicotyledonous seed may also readily be ob- 
served by soaking a Fea or a Bean in water, and then peeling off the rind, 
when the paits of the embryo, as above described, may te readily observed! 

Sect. 2. Tke Boot, 

Definition.— The root may be described in general terms as the 
descending portion of the axis, destitute of leaves, buds, flowers, 
and green colouring-matter, but provided originally with a minute 
“ root-cap” at its extremity. Another character of ^neral although 
not of universal application is, that it is the part of the plant which 
penetrates into the soil, and which serves at once as an organ of 
attachment and of nutrition. 


Fig. 4. 
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Exceivtitmi.'— The etatement that roets deacend is subjeet to afew ex- 
ceptions in the cases of the lateral ramifications of roots, and of the lateral 
roots formed by parasitical and by certain climbihg plants, wbkb often 
retain their oi^nal direction, making a more tr leas obtuse angle with the 
stem from which they rise. In some Oycads and Arads the root-branches 
ascend vertically. These exceptions axe leas numerous than the deviation 
of the stem from its joreneral character as the ascending part of the azi^ mnce 
in a larro number of perebnial plants the direction of tiie main stem is con- 
stantly norizontal. Stems of this kind are of frequent occurrence among 
perennial herbaceous plants, and are ordinarily termed bv gardeners 
“creeping roots:*’ for example, those of the Lily of the Valley ^fig. 4), 
Garden flag, Couch Ghrass, &c. Roots, as a ^eral rule, are destitute of 
leaves and leaf-buds, which fact serves to distinguish them from rhizomeB 
or roat^Ooeka (stems). But the distinctions between root and stem are 
not absolute: many exceptional instances occur, and some transitional 
ones ; thus, under certain circumstances, roots, as indeed every part of the 
ve^table structure, may be made to form buds, but always from the 
8i£s, never from the end as in stems. Some trees are especial^ prone to 
this, and may be propagated by cuttings of the root, such as Pyruajapdh 
nica^ Madura aurantiaca^ the Plum-tree, &c. The root of Anemone 
japonica likevi^e produces buds very readily. The roots of NeoUia bear 
leavea while, on tne otherfrand, some Orchids, as Epipogon OmeUni and 
CoraUorhiza innata, and some Bromeliads have no roots. 

Origin of the Root — The true root of the embryo plant is the 
downward continuation of the axis; but 
the origi/ial radicle, the real inferior extre- 
mity of the axis in the Monocotyledons and 
iniVdie stem-forming Flowerless plants (such 
as"^ the Ferns), in most cases speedily ceases 
to grow, and the efficient roots are really 
lateral organs. Where the primary radicle 
is developed, we have a true root (fig. 5) ; 
but the roots which ore produced from the 
sides of stems, or from leaves, are termed 
adventkious roots (fig. 4). 

The axial root may be seen well in any seed- 
ling Dicotyledonous plant, as in a young Bean 
or Tumm ; and by watching the ^rmination of 
a few seedis of such plants, «tbe development of 
the radicle into the axial root may be readily 
traced. The axial nature of the root is clearly 
evident in the full-grown plants of most annual 
garden species of Dicotyledons ; and in shrubby 
and arborescent perennials of this Class the axial 
root is pendatent. growing by annual increase 
into a huge woody mass, proportionate to that 
of the ascending stem or trank, ' • 

The origin or adveeHtUious roots may be germinating seeds 




16 


MOBPHOLOeT, OH COlCPiJUTITI AVATOXT. 


of Moaoeol^ledoaoua plants, sneh as grains of Oats, Wheat, See, ; hut 
their essential character may be sitill more clearily distinguished in ^ants 
which form adventitioiis roots on well-developed stems -p. ^ 
and bnd-like structures The fibrils which sprout iiropi 
the joints of the stems of numerous creeping plants 

(Ground-Ivy, Mint, Sand-Seito^ &c.)» the clamp 

I Onion-bulb, as well 


of Ivy-stems, the roots of an Onion-bulb, as well as'those 
fcnmiM from slips or cuttii^, &c., afford familiar bxamples 
of adventitious roots. 

Bamifleation. — ^Where the branches of the root 
are comparatively small and the central axis is both 
thick and considerably elongated, the root is called 
a tap-root (fig. 6) ; where the branches are deve- 
loped so that the print^ipal axis is lost as it were in 
its own ramifications, the root is called jihrms 
(fig. 5). The branches issue from the main root 
in succession from above downwards (not frefin 
below upwards as in stems), and are, in the 
first instance, regularly arranged in rows one 
above another. The number of rows varies in Fusiform 



•root 

!arrot 


CZ>0ttetMr Ooro/a). 


Fig. 7. 


different cases ; and the regularity of disposition is 
Boon lost. 

When the tep-root exists in herbaceous planti^ it often exhibits 
a more or less' succulent character, and becomes a tuherom ^otst, as in 
the biennial Turnip, Carrot, Beet, &c., where this organ is peculiarly 
developed in the- first season of growth, to serve as a ''reservoir 
of nutriment. The tendency of such 
plants to exhibit this character in excess 
under the influence of stimuli renders 
them extremely valuable for economic 
purposes. The fibrous rootlets upon the 
surface of tuberous tap-roots, like the 
Carrot, Par8nep,&c., aj^ieor to be mostly 
true roots. A distinction is made, in 
describing tuberous roots, between those 
which tste fusiform, as in the Carrot, and 
those which ore napiform, as in ' the 
Turnip. A woody tap-root is found in 
many fbrest-trees, as, for example, in 
the Oak ; but here the branches share . 
more extensively in the increase in size, 
and their direction tends more to Ihe 
horizontal. Fibrous roots are particu- 
larly characteristic of plants growing 
iu light and sandy soils or in water; 
the nerenoial, woody forms are especially characteristic of shrubl:^ IH* 
cotyledons. , 



Toft of fibrous sdrentltioas roots of » 
Gross. 
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tn general terms it may be stat^ that tbe fbrm assumed by the rootsi 
whether true or adventitious, is in. direct relation to the nature of tbe 
medium in which they gi'ow and the purposes they have to serve as feed- 
ing roots, hold-feists, or reservoirs of nutnment • 

AdventitioiiB Boots (figs« 4, 7) are sp 
by no means condned to, Monocotyledons and Elowerless plants, 
since their radicles are usnaUy arrested in their growth ; they are 
also necessarily the only kind which can occur upon specimens of 
Dicotyledonous plants which have been raised, not from seeds^ but 
from duttings, layers, tubers, Ac. They apse from the aide oi the 
stem which gives birth to them, and most readily in the vicinity of 
buds or leaves. 

Adventitious roots are very 
variable in foi*m aiid consistence. 

They may be fibrous (fig. 7) or 
tuberous (fig. and are not un- 
commonly of intermediate charac- 
ter in the Monocotyledons, con- 
sisting of more or less flesli^ 
fibres. Either the fibrous or tub^ 
rous form may occur exclusively 
in groups of adventitious roots, 
or such groups may contain roots 
or rootlets of both kinds. In 
arboresce^it Monocotyledons the 
adventitious roots acquire a woody 
character and great size ; in her- 
baceous Monocotyledons they are commonly annual, or, if tuberous, 

biennial. 

• 

The fbrwa adventitious roots of Monocotyledons are generally sdfb, 
,nuich elon^ted, and little divided, like those at the base of bulbs of the 
Hyacinth, Onion, &c. (fig. 17^. A mixture of fibrous and tuberous adven- 
titious roots, forming what is called a fasciculate root, occurs in Hemer<h 
caUiSf and in Itanmculua Fkaria (fig. S), in which, as in the plant last 
mentioned, the structure is still further complicated by the ea^tenoe of 
buds, as explained further on^under the head of Tubers. A peculiar modifi- 
cation of this stracture is found also in most terrestrial Orchids. Tn S^raa 
fiUpendula the fibrous roots exhibit tuberous thickenings at mterrals. 

Boot-hain. — The youngest parts of rootlets, whether branches 
of axial roots or adventitious roots, often exhiMt a coat of delicate 
cottony root-hairs, which are thread-like growths from the epi- 
doroiis and are thrown off in perennial roots when 

epidermis gives place to the rind. 


Pig. 8. 



Fascioulate adventitiOMrootoof 

Ficaria, partiy flbroUB. partly tuberona. 


0 
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The nature of the root-hairs will be explained under the head of the 
Anatomy of Roots. Examples may be found in seedling plants of 
mustard, in potted Geraniums (Pelargonium), or in the roots of many 
Monocotyledonous bulbous plants and Grasses growing in damp places. 

Xedia in which Roots grow. — ^Roots of ordinary plants bury 
themselves in the soil ; those of water-plants, usually more succu- 
lent in their texture, penetrate the mud, in the Water-lilies, or 
hang freely down in the water, as in Duckweed and the Water 
Crowfoot. A number of plants exhibit what are called aerial 
roots, which are always adventitious ; and these may be either the 


Fig. 9. 



Sketch of a Mangrove-tree with true roots descending from the branches. 

sole radical organs of the plant, or roots developed high above the 
ground but growing down to reach the soil, or they may be con- 
verted into organs of support for a weak stem. In true parasitical 
plants, like the Mistletoe, the roots, more or less developed, attach 
themselves to, and become organically blended with, the roots or 
stems of other plants. 

The plants called epiphytee, such as the aerial Orchids, various Araceous 
plants, and members of the Pine-apple family, are possessed of aerial roots 
alone. The stem of such plants rests upon some foreign body, such as the 
branch of a tree, totally unconnected with the earth, and produces long 
adventitious roots which hong suspended in the atmosphere. Boota 
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developed in the air^ and subsequently descending, present themselves In 
various conditions. One of the moat remarkable is that which is ohserv^ 
in the Mangroves (fig. 9) (Rhizophoracesei), where the seed s^rminates 
in the fruit while the latter is still attached to the tree, and m^ops down 
.its long radicle until it reaches, the mud in which these trees grow, so 
that the stem of the voung plant is enabled to establish itself firmly in 
tlie uncertain soil bemre detaches itself from the parent. This is an 
axial root. In the Banyan tree (JF^tcug tndica) adventitious roots are fre- 
quently developed on the branches, which, descending to the earth, pene- 


Fig. 10. 



Pandanui odoraiiMimiUt the Sorew-pinet with adventitioiu roots sopportiog the tmnk. 

• 

irate into it and become supporting columns, which ultimately assume 
the appearance of trunks, and give uie tree the appearance of a group or 
even a grove of trees united together at their heads. The roots of the 
arborescent Monocotyledons partake to a certain extent of the same cha* 
racter^ .and those ox Palm-trees are observed to arise successively one 
above another iif a spiral course near the base of the stem, growing out- 
wards and downwards to penetrate the ground, the older ones ultimately 
decaying. In the Screw-pines (Ikin£mua, fig. 10) this is BtQl mm 
strilung and distincl^ as the spiral line which they form is more opeiii 

o2 
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and the roots arise a long way up the stem ; here also the older roots and 
the base of the stem decay, so that the whole plant comes to be supported 
by the lateral adventitious roots, as on so many props. Aerial roots 
becoming organs of attachment may be seen in the cummng stems of Ivy, 
of the garden Bignonia (Tecotna radicans), &c. . 

Paxaaitic Plailta developed from seeds present, in their earliest stages, 
a radicle which in some cases becomes developed, in others not, or only in 
a peculiar manner. Some germinate in the usud way, in the earth, and 
their roots seek out those of their proper nurse plants, to which they 
attach themselves organically, others siiperficiallv or by penetrating deeply 
into the interior; in such cases tliey may be wholly parasitic, as .in the 
leafless Broom-rapes {Orohanchacets), or only partly dependent, as in 
Thesiunij Hhinantnusj and Melampyrvm, Others germinate in the usual 
way in the soil ; but their 3^oung stems attach themselves to those of 
other plants by adventitious roots developed at the points of contact, while 
the lower part of the parasite, connected with the ground, soon dies away, 
as in the Dodder (Cusotifa). The woody parasites. Mistletoe (ytacum), 
Mt/zodmdron, and otheis, are developed from seed upon the spot where 
they are attached. In the Mistletoe, the seed clings oy its viscid pulp ; 
in Myzodmdrm by coiled hairy arms ; and when the radicle sprouts, it 
drives its way through the rind of the nurse plant until it reaches the 
cambium layer, where it connects itself organically, becoming grafted 
exactly like a budded rose. No further development of root-structure 
occurring here, the full-grown plant appears rootless, and like a branch or 
graft upon the nurse tree. The earlier steges of growth of the Khi/.anthe(e, 
root-parasites composed chieflv of inflorescence, are not known ; probably 
they are analo^fous to those of Visatm in the first instance, bift with •the 
addition of honzontal growths of stem-structure beneath the bark of the 
nurse plant. ^ • ' 

Chaxacters presented by the Boot, ftc. — The points to be spe- 
cially attended to in studying and describing the root, such as the 
form, ramification, <S;c., may be gleaned from what has been before 
stated and from the {Section on the Description of Plants. * 

Sect 3. The Stem. 

Definition. — The stem is the ascending portion of the axis of a 
plant. It is usually characterized by its growth taking place in 
a direction contrary to that of the roots, and by bearing on its sides 
regularly arranged leaves or modifications of leaves, forming the 
lateral or appendicular organs. The term eaulome is applied in a 
comprehensive sense to any stem or branch or to any modifi^tion 
of those organs bearing leaves or modified leaves, phylUmes, 

Exceptions- — ^An exception to the ascending growth fiocurs in the case 
of cree^g stems, where the main axis takes a mdra or less horizontal 
position ; hut the first shoots of such plants, developed from their seeds, 
aacend, and the secondary axes, which bear the efficient leaves, assume the 



THB STEaC* 21 

erect position, as is seen in the tufted habit of growth of plants with a 
subterraneous main stem. (See also p. 15.) 

Buds. — Every stem is developed from a hud^ which consists of a 
conical rudiment or growing-point of the stem bearing rudimentary 
leaves crowded upon its sides. The primary bud of the stem of 
lowering plants presents itself as the ^tumuh (fig. 3) of the embryo ; 
and so long as this axis bodtinues to grow, a bud (the terminal had) 
is found at its extremity. The branching of a stem depends upon 
the development of latej^ buds, which, as a general rule, appear only 
in the* aoBil or upper angle between the base of a leaf and the stem, 
whence they are called axillary buds. 

There is in many embryo plants a small portion of the axis intermediate 
in structure as in position between the true root and the true stem (fig. 8). 
This ** hypocotyleaonary axis ” or tigettum sometimes gives off shoots, by 
which it may be distinguished from roots ; moreover it is either cylindrical 
or tapers upwards, whue a root tapers in 
the opposite direction. This hypoco- 
tyledonary axis forms the trunk of the 
extifiordinary plant called WdwiterMay 
hereafter described. 

Nodes and Intemodes. — The 
place whence a leaf arises marks 
the position of a structural region 
endowed Vith special physiological 
ao^vity; it defines externally a 
point whore the internal tissues have 
a peculiar arrangement. Hence a 
particular name is applied to it, that 
of node, Sometimes a kind of arti- 
culation of the stem occurs at this 
point, but not as a general rule. 

The intervals between the points of 
origin of leaves are called the inters 
nodes. In buds, the intemodes are 
not yet developed. In a large 
majority of ascending stems the 
intemodes become considerably de- 
veloped, so that the leaves ulti- 
mately appear stationed at distinct ^ PUintofto madw burring i«svm 

1 crowded on » stem with undeveloped 

intei^als. In many subterranean intemodei. The short stem seen in 

stems, at the^ lower part of the 

stems of many herba^us plants (fig. 11), and in the tmnks of 
many of the arborescent Monocotyledons, the intemodes never 
become much lengthened, and the leaves in oonsequenoe appear 




22 


MOBPHOLOOT, OB COMPA.BATITE ANATOHT, 


closely packed and more or less overlapping in the full-grown 
plants. Such plants are sometimes, but erroneously, called acau- 
lescent or stemless plants. 

The relative development of the intemodes is next in importance to 
the order of arrangement of the axillary buds in affecting the general 
forms of stems. A Clear idea of the conditions may be obtained by 
examining, in the first instance, what occurs in the unfolding of the bud 
of such a tree as the Horse-chestnut. In the bud the enveloping scales, 
the rudimentary leaves, and even the blossom may be distinguished, 
crowded on the undeveloped axis. As the leaves emerge and exjmnd, 
they become separated from each other by the elongation of the* inter- 
nodes of the stem, until at length they stand at considerable distances 
along the sides of a shoot sevenil feet long. This may be iUustrated by 
comparing it to the separation of the joints of a telescope, when its 
lengths of tubes are successively pulled out. Examples of permanently 
undewloped intemodes are seen "in the rosette-like offshoots of House- 
leeks and of many other herbaceous perennials — in the first season’s growth 
of such plants as the Turnip, Carrot, Canterbury-bell, and indeed of 
most biennials, where the leaves all appear to arise from the root — ^in the 
bulbs of many Monocotyledons, such as the Crocus, Hyacinth (fig. 17), 
&c. In these cases the flowering axis which subsequently appears often 
develops its internodes consider- 
ably, and rises as a tall stem. An 
intermediate condition is met with ^ 

in stems which are elongated, but 

have the leaves closely overlap- • 

ping, as in the common Stone- 

crop, many Coniferous trees, many 

Palms (fig. 33), &c. ; and a simi- > 

lor condiuon exists in the sub- [ 

terraneous root-stocks of various x"’ ^ 

plants, ' where the imperfect 

sheathing leaf-scales succeed 

each other at short intervals. ^ 

Begions of the Stem. — In 

the embryo of a fElowering I 

plant it is scarcely possible to I 

define the limits even of the J 

stem itself, which loses itself I 

above in the plumule, and be- ‘ v ■ 

low in the radicle. But in . y. 

fully-developed stems, a gen- ^ 

eral division into three re^ons ^ 

may be distil^ished, accord- Aplantof&»<i«rfiia bj/bUa idth a oreepin? rhi- 
ing to the Kina or lateral *ome hwjvnti Iwf-Kalta, an erect Uqfy stem, 
organs which they bear, viz ; — “ infloreBoenoe with srooi*. 

1. The Zfeaf^scale region (fig. 12), which is mostly subterranean 
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in its habit, and presents itself mth more or less of the external 
appearance of a root, of an enlarged fleshy bud, or of a combination 
of these two. The leaves upon this are never green, but are of 
fleshy or membranous texture and simple forms. Leaves of this 
character are found on the outside of buds. 

2. The Leaf region, forming the ascending ^m of plants gene- 
rally, especially characterized by the green colour and great de- 
velopment of the foliage. 

3. The Bract region, which is also known as the Infiorecctnu^ iS 
distinguished by its smaller, more delicate, and sometimes coloured 
leaves, the axillary buds of which produce flowers. 

The extent, both positive and relative, in which these regions are re- 
presented is diflerent in almost every plant; but a few general statements 
may be made serving to illustrate the subject. The leaf-scale region is 
develop^ chiefly in herhaceom perennial plants; and the principal modi- 
flcations* of it will ne examined below under the heads of Rhizomes, Bull», 
and allied structures. It may be observed that the leaf-scales or abortive 



Diagram of a plant of Faronida , 

woere the leaf-m^e region bean the eoly- Diagram of a ^ut of VeronfM 

ledona a*, x, and the reat of the stem is a Okamxdyt. Thelowerpartb a 

true-leaf stem with flowen in the axila of tru^leaf stem, and its branches 

ita upper leares. are braot-stems or inflorescenoefi 

The roots proceeding trom the 
stem are adrentitious. 

foliaceous oxpos are almost exdurively composed of the stalks or sheatbs 
of leaves, without any part corresponding to the bla^ ; exceptions to 
this, illustrating the rule, occur in tunicated bulbs like the Hyacinth 
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(fig. 17), '^here the inner scales bear a green blade stan^ng out free at 
tha , top of the bulb, and again in various subaquatic Grasses ^th 
craping stems, in which the lower parts of the annual shoots often exhibit 
large open sheaths with small rudiments of blade at their suminils. Tha 
re^on bearing perfect leaves forms the principal part of the axis in arbo- 
rescent plants, where J;he leaf-scale region occurs only at the points where 
the protecting scales of the autumn buds are produced. The scars of the 
leaf-series, crowded together from thenon-dev^lopment of the intemodes, 
are very visible at the base of the yearly shoots of many trees, for ex- 
ample, of the Horse-chestnut : other trees reproduce, as it were, their 
cotyledons at these points ; the Jasmine, for example, exhibits a pair of 
.broad undivided leaves near the base of each annual shoot. In annual 


plants the leaf-region is predominant, but the bract- 

region is relatively more developed than in trees ; Fig. 15. 

and the same holds good of perennial herbaceous 

S lants. In arborescent plants the bract-region usually ' 

oea not present itself until the leaf-regions of many 
years have been formed, and even then it is generally 
formed from branches of the axis which have a sul)- 
ordinate share in giving the special form to the entire 
plant ; sometimes, however, the form of the ramifica- v 

tion is much affected by the position of this region, as ^ 1 • 

in the Horse-chestnut, Lilac, and other trees, where iJ 

the terminal buds of shoots are developed into an in- W 

florescence, which of course puts a stop to the onward ^ 

growth at these points. I //^// 

Leaf-scale Begion. — The leaf-scaled stem, 
found especially among herhace^m perennial plants, 
or such as live for several years without forming |BL 

a permanent woody stem above ground, is seldom 
continuous with an axial root ; on the other hand, 
it is very prone to produce adventitious roots, as ' w 
is natural to its usually subterranean or creep- Diagram of a plant ot 
ing mode of growth. When its intemodes are ffj7eaf-s<»ir*tra?- 
regiilarly although slightly developed year after leaf, andbraati^giona 
year, it forms an abbreviated stem, horizontal or SthTaamJ 
ascending, either below or above ground. If the 
main axis persists, producing a few branches each year, and as 
it grows at one end slowly dies away at the other, a more or 
less root-like structure is produced, termed a root-stock or rhizotne 
(fig. 12). If the growth of each axis decays away at regular in- 
tervals, so as to isolate the products of the succeeding axes, the 
result is different, and, instead of a branching rhizome, the axis 
resolves itself into a number of detached portions, in the form of 


eorms. If these detached portions are chiefly composed of leaf- 
scales, with the undeveloped stem small, so that they represent 
enlarged buds, they are called bulbs (figs. 16 & 17). Another re- 
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productive structure belongiug to the leaf-scale region of the stm 
18 the tuber (fig. 19), which consists of a fleshy thickened sufater- 
ranean axis, arising in the axil of a leaf-scale, having its own^ in- 
temodes considerably developed, so that its leaf-scales are scattered 
and cover isolated buds or “eyes." Tubers of analogous character 
are sometimes formed from aerial branches, as in many epiphytic 
Orchids, where they have a green colour and are known as 
bulbs. 

Bulb. — ^The bulb (fig. 16) is a stem remaining permanently in 
the Condition of a bud. Its axis consists of a disk or short coni- 
cal plate, from the upper surface of which arise leaf-scales of 
fleshy character more or less overlapping each other and enclosing 
the points of growth, while one or mpre circles of adventitious 
roots are given off from the base (fig. 17). Bulbs are named, ac- 

Fig. 10. Fig. 17. 



Soalj balb eiJAUum candidwn, with 
adTontitioiii roots, , 



Tnnioatod bulb of the Gwrden Hjacinthi out 
through perpendioularly, ehowing the leuf- 
■oales arising from the abbreviated stem 
(ft), and the yonim bulbils or cloves (a, a) 
formed in the aadls of leaf'soales. 


cording to the character of their leaf-scales, scaly or squamose when 
these only partially overlap (Lily),and tupicated when the scales form 
complete sheaths (Onion, Hyadnth). Bulbs produce flowering 
axes either from the terminal or from axillary buds. They are 
multiplied by buds developed in the axils of the scales in the form 
of new bulbs (fig. 17, a, a), whicdi aocmer or later become dehmhed^ 
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When a bulb flowers from its terminal bud in its first season of 
growth, it is annual ; when it only strengthens itself by forming 
scales in the first season, and flowers fi*om the terminal bud in the 
second, it is himnial ; when it flowers from an axillary bud, the 
terminal bud may be developed in the same form indefinitely and 
form ft, perennial bulb. 

The number of leaf-scales constituting the mass of a bulb varies much 
in different plants : in Oagea and others there exists only one ; AUinm 
oleraceum has but two; the Gturden Tulip and Crown Imperial have 
comparatively few scales, while the Lilies and the Hyacinth (figs. J6 & 
17) have numerous coats or scales. A little ejimlanation is requisite as 
to the terms annual &c. as applied to bulbs. We have an example of 
what is called an annual bulb in the Garden Tulip. As planted in autumn; 
it is a bud composed of four or five scales enveloping a central rudimen- 
tary flowering stem which terminates the main axis. In the axil of the 
outer scale there is an axillary bud. As the flowering stem is developed 
the old bulb shrinks, while the axillary bud becomes more and more 
perfect; so that, after the flowering season is over, it forms a new 
bulb, to the side of which the withered remains of the old one are 
attached. The terminal point of the new bud repeats the flowering, and 
its outer scale (sometimes the next also) subtends an axillary bud destined 
to become a new bulb in the next season. Such bulbs are sometimes 
called pr<toentitiau8, since the bulbous structure of any ^ven axis is 
formed before the true leaves and flower. The Crown Impenal {Fntilaria 
impeiHalis) aflbrds an example of a biennial bulb. Examined in the 
autumn, it is found to consist of fleshy scales produced at the IcfWer part 
of the axis which has just flowered; while a bud seated in the axil of the 
innermost of these scales is already developed, and by the decay of the old 
flowering stem has come to occupy the centre of the bulb. In the next 
season this bud flowers : at first it is surrounded by the scales of its 
pai*eut axis ; but after the flowering is over, these very quickly shrivel up 
and disappear, the axis which has just flowered giving origin at its base 
to a numoer of scales replacing them ; and while the flowering^ stem 
decays away down to these scales, a new axillary bud is developed in the 
axil of its innermost or uppermost basal scale. Thus the bmb always 
bears growths belonging to two seasons on the same axis : the nutrient 
leaf-scales of each axis are developed upon it after it has flowered, and 
serve for the support of the flower of the next axis. Such bulbs are 
sometimes called and may be termed deJimU to distinguish 

them from the next land. Perennial bulbs differ from the foregoing in 
retaining the products of tba condensed axes of several years in a healthy 
vegetative condition. Thus, if we examine a bulb of the Garden Hyacinth 
(fig. 17) when it is flowering by its terminal bud, we find the base of. the 
flowering axis surrounded by several leaves belonging to itself; the whole of 
them stand in the axil of a scate belonging to the preceding year, which also 
contains the short remnant of the flower-stalk of that year ; and to this 
scale succeed several moze, all belonging to that same axis; these more- 
over stand collectively in the axil of the innennost of a series of scales 
belonging to the year before, remains of the flowernstalk of which are 
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alao sometimes yisible. Finally, on examining the axil of the innemost 
green leaf of the present vear, we find, nestledlbetween it and the base of 
the flower-stalk, the ‘ bud which is to form the axis of Ibe next year. 
Therefore this bulb possesses structures or axes belonging to four distinct 
generations. The b^s of the gremi leaves expand into fleshy ibeathing 
coats after the flowering of the axis which gives rise to them ; «nd the 
decay of their blades, whmh extends to the summit of the bulb, gives 
rise to the ragged or bitt^n-off appearance of the latter. These bulbs are 
jmtvmtitiouankQ the last kind, out may be distinguished from them as 
indefinite. 

Com. — ^The corm more or less resembles a bulb externally, but 
consists principally of a stem with little-developed intemodes, 
thickened into a fleshy body, and bearing leaf-buda at one point, 
either at the summit, as in the Crocus (flg. 18), or at the side, as in 
Colchicum, 


its a primary 


The conn of a Crocus examined very early in i _ 
axis in* the fomhof a roundish mass bearing the adventitious roots below, 
and giving rise above to one or several tufts of leaves. The bases of 
the leaves, outside which are a few membranous scales, being at flrst 
sunk in the parent axi^ these tufts or rudimentary Wnches are not 


Fig. 18i 



readily distinguished as secondary axes ; but the 
terminal bud soon grows out to produce me flower. 

After the flowering is over, tne intemodes be- 
tween the scales and the bases of the ^een leaves 
become developed both vertically and also hori- 
zontally^ so as to convert the base of each flower- 
- ing stem into a new corm. When about half- 
~|[rown the new corAis stand out as globular bud- 
like structures on the top of the old corm, which 
is gradually exhausted, and decays away, so as 
to set its progeny free. In the axils of the upper- 
n;iost leaves of the flowering stem are developed 
new. buds (which exist even before the corm he- Corm of the Garden Croons, 
gins to sprout in spring) ; and as the new corms throui^h perpendicu- 
are perfected^ the buds imbedded in their summits 
form the rudiments of the leaves and flowers of the next season, sprout- 
ing out in the spring, each to reproduce a corm. Hence in a corm taken 
out of the ground a short time after the flower withers, we find three 
sets of axes : — 1, the withering parent corm ; 2, the young corms Inranching 
from this, fonned from the bases of the flowering stems ; and, 8, the 
axillary buds of the leaves^f the latter, forming the resting buds at the 
summits of the new corms. 

In Cokhictm tadumnale the conditions are somewhat different. When 
the plant is flowering, in autumn, we find the flowering stem attached to 
the side of the base of the corm ; the flowering stem is surrounded at its 
base by sheathing scides and rudimentary leaves : in tiie axils of the two 
lowest leaves exist minute buda, and the intemodes between these leaves 
are slightly developed. The flowering stem then withers down to the 
ground and during the winter the intemode between the two buds swells 
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and forms a new corm, the old one shrivelling up. The leaves appear 
above mund in the springi proceeding from the apex of the corm, and 
the bua at the side of its lower end shoots out to form a new lateral stem, 
which produces sheaths and rudimentary leaves, and ultimately forms the 
flowering stem of the next autumn, the base of which repeats the forma- 
tion of a cormin like manner and shoots up itjatuft of leaves in the fol- 
lowing spring. The corm being formed from the internode between the 
buds, the lower of these is, to a certain extent, basilar as well as lateral, 
while the upper one appears near the top of the perfect coim, rather to 
one side, near the scar of the old leaves and flower-stalk : this bud may 
or may not be developed into a corm simultaneously ; but in any case 
it becomes detached from its fellow when the old corm shrivels up, and 
thus may multiply the plant. 

The corm of Arum maculatunij examined in spring, exhibits two lobes, 
with an intermediate constriction ; they lie adjoined horizontally : the 
corm of the past year is shrivelled ; the other is solid, and at the summit 
'exhibits sheathing scales enveloping the base of the erect flowering stem. 
Opening the sheath, which turns upward, we see that the flower arises 
from a terminal bud, while in the axil of a leaf arising below it exists a 
bud which is destined to swell up and form a new corm for the next 
season, the oldest one meantime withering away ; so that two genera- 
tions with the rudiments of the third always coexist ; these generations 
may consist of a greater number of individuals when additional corms 
arise from the axils of several of the scales of the parent corm. 

Tubers. — ^The stem-tuber is either formed 
from the base of a stem, or from a branch 
arising from a subterraneous leaf-scale (fig. 

20), developed either partially or entirely into 
a thick and fleshy mass, by expansion of its 
spongy structure, its own leaves appearing 
in the form of rudimentary scales, in the axils 
of which exist dormant buds, or eyes, capable 
of producing independent stems when the 
tuber recommences its development after a 
season of rest. 

Axial tubers occur in many herbaceous plants, 
as in Coryddlis huXbosa ; when of annual dura- 
tion, these are essentially the same as corms. 

The tuber of the Potato is a familiar example of 
the stem-tuber formed from a branch, in which^ts 
characters may be readily observed ; a number of 
leaf-scales at the base ol'the haulm” send out 
subterraneous branches, which at some distance 
from the point of origin cease to elongate, and 
swell up into tuberous musses. The tubers of the Jerusalem Artichoke 
(iig. 20; are analogous productions. Stem-tubers passing more or less 
into rhizomes form the so-called roots of the Bryonies {Tamm communis 
and Bryonia dioica), of the Sweet-potato {Coumvuim J7atoto),.and the 


Fig. 19. 



Tnber formed at the base 
of the stem of Bwdum 
Buibootutanum, 



Stotn*tuberB of tbnft Jeriuiaiem Axiichoke iUelianthut iuberotttt). 


secies of Dioscorea yielding ‘^yams.^* Tlie tubers of the terrestrial 
Orchids are chiefly comnosed of radical structui-es. If we examine the 
twin tubers of Orchis Morio (fig. 21 \ we find one at the base of the 
flowering stem (a\ which towards tne close of the season is withered, 
while th<^ other (o), crowned by a bud (•), ia solid and healthy ; in the 
axil of the lowest leaf of this bud exists another bud in a rudimentary 
state ; ami as the oldest tuber shrivels, this swells out and asadmes its 
f6rm, in the next season appearing as the bud-tuber, while its parent 
becomes the tuber of the nowering stem. The greatest part of the 
mass of these tubers consists of a swollen adventitious root, which is 
intimately blended with a few little-developed stem-internodcs and the 

Fig. 21. Fig. 22. 



Double root-tubera of Orehit Monot 
a, old tuber; &,new tuber with the 
bud * Ibr the next eeaaon. 



Double palmate root-tubereof Gvmnadsnia 
odoriMBtima: a, old tuber at the base of 
the old flower-atem ; b, new tuber, with 
bud ibr the next season. 
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terminal bud. In some cases these tubers are rounded ; in others they 
are divided below, so as to become p€dmate (tig. 22). The tubers of 
Bunmm (fig. 10) belong to the root. 

Bhizome. — The rhizome or root-stock is a body composed of 
an indefinite number of corm-Hke axe4lpermariently connected 
together, so as to form an elongated, root-|^ke stem, more or less 
clothed with leaf-scales (fig. 23). Its intemodes are generally 
little developed ; sometimes, however, regions with developed in- 
ternodes alternate with others wherein they are undeveloped, 
giving a nodose character ; when it has the internodes much de- 
veloped (figs. 12 25), it ^proaches. in character (through 

“ runners ” &c.) to creeping leafy stems. Its texture and appear- 
ance vary from herbaceous or fibrous (fig. 25) to tuberous (fig. 23) ; 
its direction is usually horizontal, though in some cases it is vertical 
(fig. 24) ; and in the majority of cases it grows under ground. 

Examples of the rhizome are very numerous among herbaceous peren- 
nial plants, both Dicotyledons and Monocotyledons. The Iris affords 
an example of a tuberous rhizome which may be understood by com- 
paring it with a conn like that of Aruyn mtundatunif and by supposing 
that ^e older portions of this survive for many years, so as to mrm a 
creeping, more or less branched mass. The Solomon’s Sew (fig. 23), Sweet- 
fiag {Acorm)f Ginger, Water-lily, &c. afibrd other well-known examples. 

Fig. 24, 


Fig. 23. 


Bhiiome of Solomon’s Beal {ConvaUaria polymnalum ) ; 
a, bud for next year; A flowering stem of the present ** 
year ; c fc d, soars ox the flowering stems of two pre> Vertical rhisome of Ckuta v6ro»a, 
ceding years. oat through peipendioulorly. 

In some of these (called dejMte rhizomea) the flowers appear to be pro- 
duced by terminal buds, which take an ascending direction and lose them- 
selves in the inflorescence, the onward growth of the stem being effected 
by means of axillary buds. Li others rhmmea) the growth 

is continuous by the formation year after year of a terminal leaf-bud. 
Bhizomes of more solid texture, but of am^ogous construction, occur in 
many Ferns, as in Aapidium Bilix-mas, idso in most of the Bu^es 





the stem. 
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(/uscctf)^ and a great variety of herbaceous Dicotyledon^ such as the 
Primiose, &c. Certain wideljr extending creeping plants afford examples 
of rhizomes with developed mtemodes, as the Sand-Sedge (%. 25^ tiie 
wire-like rhizome of which extends for many yards under the loose sandi 
sending up leafy shoots at regular intervals ; the stems of Couch-grass, of 
yorioua Mints, and other Labiate plants ; as also of certain Ferns, such as 
Lasiraa Thdyptety^ and o#the Horsetails {E^isetum)^ &c. When the 
rhizome is erect it has n^uch of the aspect of a root ; and the ordinary 
form was termed by the old writers a j^eniorte root, the dec^ of the 
lower end giving it the appearance of having been gnawed off. Examples 
of this are not uncommon, as in the ScaUoaa suecisa — in various Umbel- 
liferflBy as Cicuia virosa (fig. 24), where the abbreviated internodes form 
discoid chambers corresponding with the fistular intemodes above, and in 
the Lady-fern {AthyHum Filix-fsemmd)^ which consequently rises above 
ground like a dwarf tree-fern. In Sparganium ramosum we meet with a 
curious alternation of condensed and elongated intemodes, so that the 
rhizomes appear to consist of a number of conns connected together by 
branches into an^rect candelabrum-like assemblage. 

Fig. 26. 



The true-leaf Begion. — ^The leafy stem, or region bearing green 
foliaceous organs, grows above the soil, either in air or water, ex- 
posed to the influence df light. Its form and structure are ex- 
tremely varied, depending chiefly on the mode of development of 
the intemodes, the arrangement of the leaves and mode of deve- 
lopment of the buds, ana the extent to which its existence is pro- 
longed* The first cause regulates to a great extent the form of ^ 
the axis, the second the mode of ramification, and the third the 
size and consistence of the full-grown organ. The principal modi* 
fications may he most conveniently studied under the heads of-*^ 
1. herhaceom^ and 2. woody stems. 
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HerbaceouB stems, or such as do not become woody, but die 
down to the ground in winter, are produced by annual and biennial 
plants, and in each successive flowering axis of herbaceous peren- 
nials ; to these also are analogous the yearling shoots of arbores- 
cent plants. Taken by themselves, they are either annual or 
biennial ; that is to say, they bear on the same axis green leaves 
belonging either only to one or to two seasons of growth. Annual 
herbaceous stems alone, of course, occur on true annual plants : 
they are produced also % those perennial herbaceous plants which 
send up a flowering stem from beneath the soil in spring ; and 
with these are to be included most plants forming bulbs and 
corms. 

In ordinary annuals the plumule or terminal bud of the seed shoots up 
at once into a more or less branched flowering stem, and the entire plant 
dies away after the seeds ore perfected in autumn. Examnles of this 
form may be seen in the Sweet Pea, Veronica hedere^olia (ng. 13), &c. 
In many perennial herbaceous ‘plants forming rhizomes, and in most 
bulbous nlants, a suhteiTaneous bud shoots up m the early part of each 
season or growth, bearing green leaves and forming a flowering stem 
(fig. 23, h ) ; in the autumn the whole of these structures disappear (c, d\ 
while i*esting buds {a) are foniied in the axils of the lower leaves boneatn 
the soil, to repeat the growth in the following season. We have examples 
of this kind of stem in the Solomon’s Seal, Garden Peeony, Aconite, 
Asparagus, &c. The young fleshy shoot with rudimentary leaves which 
these plants form in early spring is sometimes called a tnrio (.this is ex- 
emplified in the edible paal; of the Asparngiis). The leafy flowering 
stems of bulbs and tubers, such as those of the Lily, Potato, OichiSf &c., 
furnish further examples of the annual herbaceous stem. 

Bimnial herbaceous stems are found in true biennials and many 
herbaceous perennials. They are distinguished by the lower part 
of the axis producing green leaves in one season, and the upper 
portion growing into a flowering stem in the following year. 
Generally speaking, the intemodes are little developed in the 
growth of the first season, arid the leaves are often larger as well 
as more crowded ; they also frequently die away ehrly in the second 
season. 

Examples of the biennial herbaceous stem are o be found in such 
tnie biennial plants as the Turnip, the Thistle, Parsley, &c. Here, when 
the seed is sown, it produces a stem with scarcely developed intemodes, 
supporting a number of leaves which form a kind of tuft or rosette upon 
the ground ; this growth remains almost at rest during the winter, and 
in^ the silcceeding spring the terminal bud shoots up into a flowering 
stem. Sometimes severd axillaiy buds also grow up into flowering stems, 
giving rise to the condition called radix this may occur 

either in biennials or perennials. A similar kind of stem is found in 
such perennial herbaceous plants as the common Daisy, the Dandelion, &c., 
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where axillaiy buds* are produced at the base of the dying flowering 
stem in autumn, and ^ow up above ground at once to form leaf)r tufts, 
lasting through the winter, and giving birth to flowering stems in the 
next season. 

Oflbets, Bmmers, etc. — The leafy shoots of perennial plants, 
with their axis and adventitious roots, may be separated artincially, 
and used for propagating the plant (gardeners call this “ parting 
the roots’’); and certain plants are naturally multiplied in the 
same way, by buds or branches which have received special names. 
Thus the herbaceous flowering stems of the House-l^ks (/Smper- 
viviim), after flowering, produce buds in the axils of their lower 
leaves which expand into leafy rosettes. The parent stem dying 
down, these are thrown off as detached plants, and strike root ; in 
the following season they send up a flowering stalk and repeat the 
process.^ The separating tuft formed in the autumn is called an 
offset or stolon, 'The Strawberry-plant in like manner produces, in 
the axils of its leaves, buds which in the same season expand 
several of their internodes, and form long filiform branches, the 
buds of which give rise to rosettes of leaves, and strike root, and 


Fig. 26. 



strawberry-plant with ranners. 

thus form independent plants: such shoots are called runners 
(fig. 26). In aff these cases the herbaceous flowering stem is of 
two years’ growth, its branching portion belonging to the autumn, 
the ascending flowering portion to the succeeding spring or 
summer. % 

Special names have been pven to certain forms of the herbaceous stenM, 
some of which are not very definite. Botanists sometimes call the stem 
of Ghrasses a culm* 

D 
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Woody stem. Buds. — ^The stem characteristic of arborescent 
plants presents itself in two principal classes of form: — one, 
where it is branched, constituting a trunk (truncus) ; the other, 
where it is an unbranched column, bearing its foliage as a terminal 
crown, forming what is sometimes called a stock (caudea:). 

These differences depend upon the number, position, and mode of 
development of the buds, only a few of which, in most cases, lengthen 
into shoots, the others becoming arrested in their growth. When, as in 
Dicotyledonous trees generally, axilla^ htukf or those formed on the side 
of the stem in the axilsy or point of junction of the leaf with the stem, 
are developed into branches, we find a ramified trunk ; when the terminal 
bud alone unfolds, as in most Palms, the globular and columnar Cactacese, 
and the Oycadacom, a simple columnar caudex is formed. 

It is evident from this, that the mode of branching of a stem must 
be essentially dependent on the arrangement of leaves; but a com- 
plication arises from the frequent suppression or non-development of 
the axillary buds, often according to a regular plan; and, in fact, it 
is very seldom that all the axillarv buds of a stem ore developed (figs. 
27 & 28). 

Fig. 27. Fig. 28. 



This abortion of axillary buds is most extensively displayed in Mono- 
cotyledons ; for the frequent existence of dormant buds m the leaf-axils, 
even of Palms, is shown not only by the occasional production 'of isolated 
lateral shoots, but by the frequent, ^nd in some cases constant, development 
of buds in the axils of the basilar leaves, forming suckers round the base of 
the stem. A similar phenomenon occurs in the propagation of bulbsy &c. 

Among Dicotyledonous plants, the influence oi the suppression of buds 
in regular order is very ffreat In the Labiktse we have opposite leaves ; 
and as pairs of axillary buds are developed, the ramification is generally 
very symmetrical ; in some of the Caryophyllacets with similarly decmaaie 
opposite leaves, one axilhuy bud only is developed, and the other is sup- 
m^sed at each node, so that the branches, arising one by one, stand 
Jprally arranged upon the stem.. In the Firs, the branches often appear 
. to arise in whorls, owing to the periodical development of a number of buds 
in the axils of closely succeeding spirally arranged leaves^ with jpng 
intervals of total abortion. 
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Some trees grow ^ear after year from the terminal bud, which cloeea up 
into a winter-bud in autumn (fig. 30). In the Elm &c. the terminal 
bud is not developed in the autumoi and the axillary bud next below 
continues the growth. In the Horse-chestnut the terminal bud of the 
annual shoot resolves itself into an inflorescence, and the growth of 
the next year depends upon the axillary buds; the same is the case in the 
Lilac ( Syringa vulgaris) (tig. 29), in which, _ _ ^ 

however, in this country, the terminal bud is 
generally abortive or suppressed, and the pair 
of axillary buds nejtt oelow praduce blos- 
som, causing still more marked bifurcation 
of the hrancnes. 

As a general rule, of course, the frequent 
suppression or conversion into blossom of 
terminal buds tends to produce a bushy 
mode of growth, and vice versd, lu addition 
to this, the relative force of development of 
terminal and axillary buds is very important 
in determining general form, as we see in 
comparing the Black Poplar with its common 
tall variety the Lombardy Poplar, or Coni- 
ferous trees generally witm deciduous trees. 

Even among the individuals of the same 
species we observe great differences in this Fifr* 39. Biwot 
respect, dependent on external conditions; of axillary buds, 
for both Dicotyledonous trees and Conifers 
differ miiqh in the relative proportion of main 
trunk and branches, when grown in close 
plantations, or standing in open situations. 

Ordinarily, only one bud exists in an axil 
(tig. *30, h ) ; but frequent exceptions to this 
occur, as in some species of Maple, in Honey- 
suckles (tig. 31), and in the Walnut. How- 
ever, one of these is generally much larger 
than the rest, and is ccdled the principal bud, 
while the others are accessory. 



illarv 

Fig. A snoot, with a terminal 
(a) and solitary axillary buds 
(6. ft. 6). 

Kg. 31. 



Numerous axillary buds of 
Lonie§ra, 



I sup 
and its up 


ting with the latter as it lengthens. 


The Trunk of arborescent plants arises as an herbaceous stem 
from the seedling, but usfially becomes more or less woody before 
the close of the first season ; in the autumn it ceases to develop in- 
ternodes at its point, and tte terminal bud closes up into a resting 
winter-bud enclosed in leaf-scales ; buds of the same sort are pro- 
duced in the axils of the leaves ; and all or part of them o[^iin 
the following spring, to produce a second generation of axes in the 
form of shoots; the same process being indefinitely repeated, a 
branched trunk is produced. If the central stem is not much 

n 
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elongated, and the lateral ramifications are numerous, the result is 
a shrubby plant ; if the growth of the main trunk predominates for 
a long time, but ultimately slackens, and ^the side branches grow 
more, the form seen in ordinary trees appears, where the top of the 
tree is more or less globose, as in what are called “ round-headed ” 
trees, like the elm ; while if the growth of the central stem by the 
terminal bud is predominant throughout life, we have tall straight 
trunks with comparatively small ascending branches, such as are 
seen in the Lombardy Poplar, which is an instance of ^ifastufiate tree. 


The originally cylindrical form of trunks often undergoes considerable 


alteration with ago, depending upon 
peculiar modes of development of 
the woody structure within. Irre- 
gular prominences occur commonly 
on such old timber-trees as have 
lar^ branches, greater enlargement 
taking place in the line between 
the base of the branches and the 
roots; this is often seen on old 
Oaks. Some tropical trees produce 
vast buttress-like projections in the 
same way. The mrms of the trunk 
of the woody climbing plants of 
tropical forests present very remark- 
able irregularities, arising either 
from a twining habit, or from ir- 
regular development caused from 
lateral pressure or otherwise. In 
some kinds of Bombax (dg. 32), 
ap'd in Delabechea (Jiombaceae), the 
trunk is swollen out in the shape 
of a great flask between the root 
and. the main branches. 


Fig. 32. 



Trunk of » Bruilian liomhax. 


The Stock or cnadea: is an undivided woody trunk, produced by 
the annual unfolding of a single terminal bud. Its internodes are 
commonly little developed, so that its sides are marked wdth the 
scars of its fallen leaves ; sometimes, how'ever, the internodes are 
developed, and then the stock has a jointed appearance, from scars 
or actual articulations at the nodes, %e stocks of the Cactacem 
are remarkable for their form and consistence (figs. 35-37) ; their 
lateral buds are developed into tufts of spines, which are the repre- 
sentatives of the leaves of undeveloped branches. 

The stock of the Palms exhibits consideiable variety of form. In the 
Coco.anut- (Cocm) and Date-palms the internodes are scarcely developed, 
and the scars of the leaf-stalks, arranged in spiral order, cover the sides. 
The same holds good of the stock of Cycaa and its allies, of Xafdhorrhma^ 
and other arborescent Monocotyledons, and also of the stock of the Tre^ 
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ferns (fig. 34). In other cases an intemodo is more or less deTeloped be- 
tween each leaf, and the stem is marked by a succession of scars running 
nearly round the stem (fig. 33), as in Mauritia and Astrocaryum vulyare ; 
in Geonoma and ChamtBmrea the internodes are developed and the nodes 
thickened, so as to appear externally somewhat like those of the stems of 
Grasses, but they are not really articulated nor hollow like the latter. 
The caudex of the Palms furnishing the common Cane (CdUCmm) is 
chiefly distinguished from !he last by the slenderness and extreme length 

Fig. S3. 



Fiff. 33. Palm-tro<* (Areea) with unbranohed caudfx. 
Fig. 84. An arborescent Fern with unbranohed oaudex. 


of the intemodes. Many of these Palm-stocks, which are ample in their 
principal mass, send out axillary buds at or below the ground, which form 
runners, and ultimately grow up independently of the parent.^ The aerial 
stocks of a few branch nigh above the ground, as in the l)oum-palm 
and in Pandanm (fig. 10), where the terminal bud appears to imaeivo 
successive bifurcations, but re&lly sends off at intervals single axillary buds, 
the development of which soon equals that of the parent axis, and causes 
the deflection of the latter so as to glve'a forked appearance. A similar 
mode of growth is observed in certain Hasmodoracees (arborescent Mono- 
cotyledons, natives of S. America), also in the Liliaceous ^nns Yucca. 
The stocks of some of t}ie Cactacem are undivided, as in Melocactm (fig. 
80), EcUnocactua, and MamiUariaj &c.; but in others a few branches 
arise, giving a compound character, as in various species of Cereua (fig. 
37) and in the leaf-like stalks of Offuntia (fig. 36). Analogous structures 
occur in foreign species of Euphorbia, 




Fig. 36. Stem of OpuniUi. Fiff. 30. Stem of Melooaetw. 

Fig. 87. Cjlindricibl and ribbed stem of Cereut. c 

Fig. 38. Diagram to illustrate the nature of a sjmpode, the imperfect separation (so called 
adhesion) of leaves, and the uplifting of the latter with the growth of the shoot; 
the primary shoot ending in a terminal bud which is deflected to ofie side. 1 o, 
one of the leaves of the primary shoot 1 , in its ordinary position. 1 b, another leaf 
of the same shoot adherent to or undetached from 2, the shoot produced in the 
axil of 1 0, and carried up with 2 in ita upward growth. The shoot 2, 2, with its 
leaves 2a, 20, grows in the same manner and others succeed it. The portion of 
the main axis marked 1, 2, 3, 4, 5 in one vertical line is a sympode. being comnosed 
not of one continuous axis of one and the same generation, but of a series of axes 
of different and successive generations, ranged in vertical order. « 


Bamiflcatioil. — The same general methods oocur in the branching of 
Toote, of stems, of leaves, and of inflorescences, and indeed are also met 
with in purely cellular plants, os in Algae and Fungi, Catdetya^ though 
strictly unicellular, has mimic stem-branches, leaves, and roots. Growth 
tabes mace by means of growing points (puncta veffetationia)^ which will be 
more fully described under the head of Minute Anatomy, and which, in 
the case of stems, are enclosed within, and form the central terminal mass 
of the buds. The growing point is terminal or lateral, primaiy or secondary. 
If at the end of a shoot or branch it is terminal and primary^ or of the 
fimA deyree; if at the side of a shoot it is hittral and seemdarpf or of the 
secoitd degree^ In the latter case it is lateral because it is pushed out from 
the side of the primary shoot beneath its apex, and it is secondary because 
it is necessarily form^ after the primary growing-point, and belongs to 
a subsequent generation. In like manner we may have in succession ter- 
tiaiv bims, or shoots of the third, fourth, fifth degree, and so on. 
itonqpiKUal branching. — ^By the growth of terminal buds or growing 
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points the stem is conlanuouslj len^ened in one direction: the deve- 
lopment of lateral ones from below upwards (acropetal) it becomes 
branched. This mode of growth is callea monopodial (fig. 2^. 

DickoUmy , — In some instances (e. g, the tendrils of some vines^ the roots 
of Lycopods, and frequently in Cryptogams) the terminal growing-point 
bifurcates. Each pair of new shoots so formed is then of the same degree or 
order, because each is formq^ from the same original growing- point and at 
the same time. The growing-point may, in this manner, divide into several 
divisions of the same geneiation or relative oi‘der. The shoots formed 
dichotomously, as above explained, are monopodial or indefinite as to their 
ramification, and may now equally and regularly, or the gi-owth may be 
arrested in certain or diem, and hence may arise much dmerence in the 
appearance of the mode of branching. 

nichasitm . — In the foregoing illustrations the terminal growing-point 
either continues to lengthen as nowth goes on, or it divides into divi^ons 
of equal degree, thou^ often of unequal vigour. But it very commonly 
happens that the terminal growing-point or bud ceases to grow after a 
time (figs. 28, 29). This may happen accidentally or from the effects 
of frost or other injury, however caused, or it may occur constantly 
and naturally, as in many trees, e. g. the Lilac (fig. 29). When arrest 
of growth in the terminal bud t^es place in the manner just indicated 
the lateral buds often grow 'lb vigordusly, and are so closely placed, 
that they appear to radiate from the same point as if they were formed 
by dichotomy of the terminal growing^pomt. This fato or apparent 
dichotomy is sometimes called a dichmum or false cyme (fi^. 28). 

Sympode. — When in the case of a dichotomous ramification one of the 
divisions gmws more vigorously than the other, or, which amounts to the 
samo'^ing, when one of them is arrested in its growth or altogether sup- 
pressda, then, although the two divifdons are of equal degree and age, yet 
the stronger of the two presents the appearance of and grows in the same 
direction as the primary shoot, while the smaller one is often pushed on one 
side, so as to looK like a lateral shoot of a subordinate degree (fig. 38). The 
appearance may thus be that of a continuous shoot formed by the extension 
of one growing-point and giving off lateral branches ,* but in reality the 
shoot is not the result of the extennon or bifurcation of one ^owing-point, 
but of a number of growing-points of different generations formed in suc- 
cession one after the other. In this way what is called a sumfode is pro- 
duced, and ramification so characterized is sympodiaL ^is arrest of 
growth may take place regularly or iiregularly, producing corresponding 
variations in the form of the ramifications : thus, supposing a branch to 
divide into a number of subdivisions by repeated bifurcations to the right 
hand or to the left respective!/, it may happen that all the shoots on Ihe one 
side are arrested in their growth as compared with those on the other. Or 
it mi^ happen that the arrest of growth may take place first on one side 
and then <hi the other in regular alternate order. All these modifica- 
tions may be seen in the mode of branching in various cellular Cryp- 
togams as well as in higher plants. 

Characters of the Stem and Braachea. — ^In the description of stems 
and branches generally, certain technical terms are in use, in addition to 
those above explained. These refer principally to— a. consUtence \ b. diree-> 
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tim and hahit of growth \ c./orm; d. cmditiofu ofmtfaee] e.ram^icatton; 
and f. dimermom, 

a. ComuUnute. — ^The terms herbaceous (herhaceus) and woody (Ugmsus) 
need no further definition. Some stems are fleshy or succuleid (camosuf)^ 
as in Cactus j &c. Most stems are solid (solidus) \ those of the majority 
of Grasses and the Umhellifer® (Carrot, Celery, &c.) and the Horsetails 
(Equisetwn) are hdUno or tubular (Jidulosus), 

b. Directtm, — Stems may be truly erect (stActus)^ Jlexuom (Jlexucsus) 
or nodding (nutansy cernum). Stems which tuyn upwards from a horizon- 
tal base are called ascending 
(ascendens) \ those lying along 
the ground without rooting 
are procumbent or prostrate 
(decumbem, procumbenSy hu- 
mifusus) (tig. 39); if a pru- 
Btratb stem roots at its nodes, 
it becomes creeping {repens). 

Slender stems neither lying 
on the ground nor (;re(*pijig 
may be pendent (pendulous) 
when growing on rocks &c., and Jiaatiug (fluitans) when growing in 
water. Weak sionis also rise from the ground as climbing (scandens) or 
twining (volubilis) stems. 

Climbing stems support themselves in various ways : — ^the Ivy by tufts 
of adventitious roots, which attach themselves firmly to foreign l)odies ; 
the climbing species of Clematis and the (.Janory-creeper ( pet'e- 

grinum) by hooking their leaf-stalks round the support ; other plants by 
tendrilsy as the Vine, Peas, Cucurbitace®, &c. 

Twining stems coil themselves spirally round the supporting body, 
turning sometimes in one direction, sometimes in the other, as in the Hop, 
Convolvulus, CuscutOy &c. If the direction from below is from the left 
upwards to the right hand of the observer, supposed to be standing in the 
position of the body around which the coil windS) , the coil is said to be 
dextrorscy if in the opposite direction sinistrorse ; but by some writers the 
‘ bserver is supposed to stand in front of the coil, and tien the application 
of the terms is reversed. Some of the tropical twiners produce woody 
trunks resembling large cables. 

c. Form, — The principal variations in form are designated by terms re- 
quiring no explanation, such as cylindrical or teretCy conical, cdumnar, &c. 
If a stem presents thickenings 
opposite the ori^n of the leaves 
(nodes), it is cimed knotted (no- 
dosus) \ the reverse condition, 
when there are constrictions at 
intervals, is called Jointed (articu- 
kttus). Other terms refer to the 
shape as displayed in a cross sec- 
tion of the stem. A stem is terete 
(teres) when it presents a circular 
section; compressed (compressus) 
when the section is elliptical ; angular when the section is polygonal, under 
which head are distinguished, in a three-angled stem for example, triqw- 


Tig. 40. Fig. 41. Fig. 42. 

$ § § 

40. A triquetrons stem. 

Fif;. 41. A qoMdrilateral or square stem. 
Fig. 42. A nbbed stem. 


Fig. 39. 



Procumbent stem of Thyme. 
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irwM if the three angles are sharp (fig. 40), it^iangtHur if they are about 
right angles, and trigonim when the angles ai^ 
obtuse or rounded olF. When the surface 
presents a great number of longitudinal ridges, 
it is called rUibed (fig. 42) ; numei'ous longitu- 
dinal grooves render it furrovyed (jBvlcatm), In 
some cases the projecting angles of stems are 
winged {alatus), as in many Thistles ; in other 
13 the stem or branch, is flattened, so as to 
tmble a leaf, in which case the term cladode 

applied, as in Ruscus (fig. 43). Such leaf-like 
_ tranclies or cladodea are distinguishable from 
true leaves by their axillary position, mode of 
origin, internal structure, and by the circumstance 

th^ they bear flowers. IWiMeou. eludod.. of 

The apex of a stem or branch is usually pointed Ruaeu* aeuUatu$. 
or conical, but it may be globose or concave, ns in the flower-stalk of a JLtose. 

d. The surface ofVa stem may be snutoth {Uecis) or striate (striatm)^ ue, 
marked with flue grooves and ridges. It may be devoid of epidermal 
appendages or glahrous {glaher')^ or furnished with a more or less dense 
coat of hairs, bristles (setosm)^ or thorns (spmimis\ Similar terms are 
still more commonly appliea\o th^slurfaces of teaces. 

e. Ramijicaiion. — stem is either mnple or branched ; if the ramifica- 
tion is excessive, it ia*called muchr-branched {ramosmimus). The branches 
may be erect, spreading ( patens), outstretched (divaricatus), dejlexed (dfe- 
flexus ) , oupcndidous (petidtdus) . These qualities especially affect the crown 
or head os trees. 

f. Diniensions, — Different terms are applied to plants with woody stems, 
acedrding to their size and mode of branching. A tree (arbor) is a plant 
with a woody trunk and branched head. A ahrttb or bush ( frutex) is a 
kind of dwarf tree, where the main trunk is little developed, but the 
lateral branches very much so. Under-shrub (fruUculus) is the dimi- 
nutiye of this. 

Sect. 4. The Leaf. 

Leaves are the lateral organs issuing from the ascending portion 
of the stem and its branches below their growing points, and in 
general are flat, expanded plates, produced directly from the 
superficial part of the stem, and from which, after a certain term 
of existence, they are removed, either by breaking off at a distinct 
joint, or by decay. ’ 

The simplest leaves occur as flat plates traversed by a nen^e, as in 
Mosses. In many Alges and cellular Cryptogams processes of the thallus 
may be seen resembling leaves in form and arrangement, hut not in struc- 
ture. The term ^hyUome is used in a comprehensive sense to signify any 
leaf,, or modification of a leaf, springing ffom a catdome or axis. In some 
cases, as in Cactus (figs. 35-37), the true leaves are absent, their oflSce 
being filled by the ^en stem. Normal leaves, belonging to the vege- 
tative system, are alone taken into account in this chapter ; the modified 
foliar organs Composing flowers must he treated separately. 
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The* leaves arise from and mark the node% of the stem ; and it 
has been already stated that it is at the nodes, in the of 
leaves, that latem or axillary buds are as a generd rule produced. 
From this it follows that the arrmigement of the leaves must be of 
great importance, not only in reference to their own relative 
positions, but as determining more or less completely the plans of 
ramification of stems. It is found that the'modes of arrangement 
of leaves are in accordance with certain general laws ; and a 
particular study of these laws has been pursued, under the name 
of 


Fig. 44. 


Fig. 46. 


Phyllotazis. — ^Leaves exhibit two principal types of arrangement ; 
either they are solitary, 
one only occurring at a 
node, or two or more spring 
from the stem at the same 
level. When the leaves 
stand alone, they are said 
to be alternate or scattered 
(fig. 44); where two stand 
at the same level, facing 
one another, they are called 
opposite (fig. 45); and if 
more than two originate 
at one level, forming a 
circle, the leaves are called 
whorled or vertidllate. 

Very rarely two leaves ap- 
pear to spring from the same node, as in what are called geminate 
leaves (Solanum), This condition is supposed to arise from irre- 
gular displacement and partial adherence of one of the leaves to 
the stem, or from division of one leaf into two. 



Fig. 44. Diagram of the arrangement of alternate diati- 
ohouB leavoB. • 

Fig. 46. Diagram of the arrangement of deouaaate op* 
poaite and tetraatichoua leayea. 


Really whorled leaves are not so common as is sometimes imagined/ 
the whorled condition being imitated in some cases, as in many Stel- 
latee, by an excrasive development of interfoliar stipules ; truly whorled 
leaves are seen in Paris and MyriophyUum, Representatives of the two 
nrincipal types are found in the embryo of l^onocotyledons and Dicoty- 
ledons — ^the former having a solitary cotyiedon, the latter having two, 
placed the one opposite to the other (fig. 3) ; but this opposite arrange- 
ment of the cotyledons is not always associated with a like disposition of 
the true leaves. 

Alternate leaves exhibit many modifications of arrangement. 
Sometimes they are truly alternate ; that is, the second leaf is 
exactly on the opposite side of the stem from the first, and the 
third exactly over the first : a series of leaves arrang^ in this way 
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form two perpendicular rows. Suck leaves are termed disticknui or 
two-ranhed (fig. 44) ; examples of which are found in the Grasses. 

If the second leaf is not opposite to the first, but at a point dis- 
tant from it one third of the circumference of the stem, and the 
third leaf one third further round, the fourth leaf, likewise distant 
one third from the preceding, will stand over the first. Leaves so 
arranged form three perpendicular rows, constituting the tristichovs 
or three-ranhed arrangement, which is common among the Mono- 
cotyledons (fig. 46). 

Now when a line is drawn round the stem so as to pass regu- 
larly from leaf to leaf, we find that its course is spiral. In the 
distichom case the spiral line starting from any given leaf com- 
pletes one circuit and then commences a new one at the third leaf ; 
in the tristichous arrangement the spiral completes one circuit and 
begins a new one with the fourth leaf (fig. 46). The series of 
leaves included by ^he spiral line in passing from the first leaf to 
that which stands directly above it is called a cycle (fig. 47) ; the 
fraction of the circumference of the stem which measures the 
angular distance between «ny two succeeding leaves in a cycle 
when projected on a plane is termed the angular divergemc. In 



Fig. 46. Prqjeotion of the \ arrangement. 

Fig. 47. Homontal projection of a cycle of the ^ arrangement 
Fig. 48. Frojeotion of tne | arrangement. 

Fig. 49. Horizontal projection of a ojole of the f arrangement. 

the distichous, represented by the fraction it is one half of 360°, 
or 180° ; in the tristichous, or it is 120°. 

These fractions not only represent the angular divergence, but 
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also the entire character of the arrangement ; for the numerator, 
as is seen, indicates the number of turns of the spiral forming a 
cycle, while the denominator expresses the number of leaves in 
that cycle. 

In the quimuncicd^ or five-ranhed arrangement the 

sixth leaf stands over the first (figs. 48 & 49), commencing a 
second cycle; but the spiral line passing 'through the first five 
leaves makes two circuits round the stem ; moreover the successive 
leaves stand at a distance from each other of two fifths of the 
circumference of the stem, or 144®; while the expression of the 
angular divergence, indicates also the iuinil)er of turns round 
the stem in the cycle, and the number of leaves in the cycle, as 
before. 

The next degree of complexity of the arrangement is where 
eight perpendicular rows of leaves exist, and the ninth leaf is over 
the first. In this case the spiral takes three turns in completing 
the cycle ; and the expression g indicates three eighths of the 
circumference, or 135®, the angular divergence of the successive 
leaves. 

When we place the foregoing figures together, thus : f » §» it 

will be observed that each fraction has its numerator composed of 
the sum of the numerators of the two preceding fractions, and its 
denominator of the sum of the two preceding denominators ; and it 
is really found that all higher compli- 
cations, in normal conditions of stems, 
exhibit some further indication of the 
same ratio, and are marked succes-* 
sively by /j, &o* 

The simpler forms of arraugeraent are 
the most common; those marked by 
hijjpher fractions are chiefly found in plants 
with the leaves much crowded, as in the 
House-leek. I'he scales of the cones of 
Pines and Firs offer good exam^es of 
these spiral arrangements. The following 
examples may be mentioned for observa- 
tion : — 

Plan J . Leaves of Grosses, Vanda, Iris, 

Gladiolus, Elm, Lime, &c. 

* [The mathematician will observe that these fractions are the successive 
oonvergents of the continued fraction and that any leaf being taken 

as No. 1, the second must lie between and 180^ from it. Its position, 
corresponding successively to each of the above series of fractions, osoillates 
alternately on either side of a point indicated W the limiting value of the 
continued fraction, viz. 137® 80' 28"4*. — G. H.] 


Fig. 50. 



Bosette of leaves of PlaiUngo 
seen from above ; the leaves on the 
I type. 
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Plan i. Leaves of Sedges (Carer, Seirpus), Tulip, Alder, Birch, Ac, 
Plan L Leaves of Apple, Cheny, Poplar, Oak, Walnut, &c. 

Plan f . Leaves of Flax, Plantain (Tianiago) (tig. 50), Holly, Aconite, &ci 
Plan Eyes (buds) of Potato-tubers, cones of liaw (tig. 61). 

Plan Cones of Spruce-fir (Ahiee exceha). 

When the leaves are very numerous and much crowded, it is often 
diflicult to trace the fundnmetital spiral, as the vertical ranks are not 

• Fig. 61. 



a 


Conea of iVnw StrobuM, with the icslei in the arrangement 

evident. In these cases the arrangement is ascertained by studying the 
secondary spirals which appear. These are more or less numerous, ac- 
cording as tne fractional expression of the fundamental smral is higher. 

For example, in examining the cone of the White Pine, a complex 
spira anangement is at once recognized, which will be understood by 
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xeferenc^ to the adjoining diagram (fig. 51). ^ Assume any scale as No. 1. 
Select the scale over it, in as nearly a vertical line as possible, such as 
that numbered 14 in fig. 61. Secondary spirals parallel to each other 
will be seen running to the right and to the left hand. Such are indi- 
cated by the numbers 1, 6, 11, 16, &c. to the left, and by 1, 9, 17, i^c. to 
the right of the reader. Or, again, very depressed spirals are formed by 
the scales marked 16 (not seen) to the left, and by 6, 9, 12 (not 
seen) to the right. Of all such spirals, select idie two most elevated^ which 
pass by and overlap the scale immediately over that chosen as No. 1. 
These will be the spiitils indicated by the numbers 1, 6, 11, 16, &c. to 
the left of No. 14, and by 1, 9, 17, 25, &c. passing to the right hand of 
that scale. Count the number of secondary spirals parallel to these two 
respectively. There will be found to be eiffht such parallel spirals in all 
sweeping round to the right; and^i?c, such as 1, 6, 11, 16, &c., to the 
left. Take the lowest of these two numbers, or 5, as the numerator, 
their sum, 5-}- 8, or 13, as the denominator, and iV will be the fraction 
required. 

To prove this, numbers must be assigned to every scale of at least the 
first cycle, i, e. those included between No. 1 and that numbered 14 in 
the figure. 

Starting with the scale assumed as No. 1, add 8 (that is, the number of 
parallel spirals to the right) to 1, and write 9 on the next scale, as in 
fig. 51. Add 8 again, and write 17 on the next, and so on. 

Again, add 5 to 1, and write 6 on the adjacent scale on the left-hand 
spiral ; add 5 to 6, and write 11 on the next, and so on. 

Two entire secondary spirals intersecting at No. 1 will thus be num- 
bered. . 

To number any other scales, we may start from either of these spirals, 
always adding 5 to 'the number of any scale on going from right to left, 
and 8 on going from left to right : thus, 

6-1-8=14. 14-h8=22, 
or, 94-6=14. 17 4-6=22. 

So that wo can assign by either method the numbers 14 and 22 to the 
proper scales. Similarly all the scales of the cone can be numbered. 
Only those of a lowei»number than 0 and 9 are obtained by subtractiim of 
8 and 6. Now, it will be seen that 14 will be the number of the scale, 
directly over No. 1. This proves that the denominator is correct, for 
there will be 13 scales in the cycle. 

Secondly, having, we will araume, numbered all the scales of the cycle 
between Nos. 1 and 14, if the cone be held erect, and is made to revolve 
while the eye passes tfom No. 1 to No. 2f then on to No. 3, &c., up to 
No. 14, the observer will find that he revolves the cone exactly five times. 
In other words, a spiral line passing through the scales 1, 2, 3, 4 . . . up 
to 14, which constitutes one cycle, will coil, five times round the axis. 

The perpendicular distance between the points of origin of 
successive leaves is dependent simply on the degree of development 
of the Intemodes of the stem. These may be so short that, as in 
the common Stone- crop {Sedum acre)^ Araucaria imMcata, 
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the leaves overlap more or less along the developed axis; such 
leaves are termed mhrieate ; and* this condition is very common in 
the leaf-scale forms of the leaf. A great number of well-developed 
leaves are often crowded together by the non-development of inter- 
nodes at the base of the flowering stems of perennial herbs, such as 
the various Saxifrages, the Turnip, Dandelion, 

&c. ; and where these so-called “ radical” leaves 62. 

are arranged with some regularity, and spread 
out horizontally as in the House-leeks, they are 
said to be tufted, empitose or rosulate (fig. 50). 

A somewhat similar condition occurs upon 
branches of some trees, on which a number of 
leaves appear to spring from one point, as in the 
Larch (fig. 52) and the Berberry; the collections 
of fasciculate leaves really belong to a branch 
the intemodes of vsjlich are not developed, so 
that they all spring at once from the leaf-axil Fawicaiate leaves of 
in which the branch-bud was formed. the Larch. 



In other Oonifers the number of leaves in these bundles is smaller and 
very regular and characteristic ; c. </., in Pinus sylvedris two leaves are 
thus associated, in P. Cemhra thre^, in P. Strobus five, &c. In those buds 
of the Larch which afterwards unfold into shoots, the transition from a 
fasciculate into a regular spiral arrangement becomes evident. 


Opposite and whorled leaves likewise exhibit great regularity. 
The nhmber of leaves in a whorl is here also 
sometimes expressed by a fraction, which is 
enclosed in a parenthesis; the denominator 
in this case indicates the number of leaves in H 

one circle. 

Examples of those in true leaves are furnished I 

by the following plants : — ' \vV;^« 

(i) plan (opposite leaves). Pinks, Labiatm. 

(I) „ Lysimachia vulgaris, Trillium, 

(I) „ Paris qmdrifolia, 

(f ) „ Myrkphyllum pectinatum, 

Sometimes the numil^rs vary on different parts of 
the same stem, as in Hippuri, 

When leaves are opposite, the pairs are DugnimofdecttMMting 
almost invariably alternate*; that is, they paiwofioBTefc 
cross at right angles, the third pair standing over the first. Such 
leaves are ciJled decussate (fig. 53). With whorls of three leaves. 


* An exception is seen in Pbtannogefon. 
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again, we usually find a similar alternation ; the leaves of the second 
whorl stand over the intervals between those of the first, the 
leaves of the third whorl standing over the leaves of the first. 

[There is reasdh to believe that the arrangement of alternate leaves has 
resulted from the development of the internodes between opposite leaves ; 
for when the latter occur at the base of astern and alternate leaves above, 
it will be found that, as the iutemodes are gradually developed, the leaves 
always appear in succession in a spiral order ; and most frequently the 
sixth falls over the first, that being the lad out of three pairs of decus- 
sating leaves ; or else the ninth falls over the first, that being the first 
leaf of the fifth pair. The leaves on becoming alternate soon cease to be 
decussating, and gradually acquire their proper angular divergence. 
Moreover, os decussating pairs of leaves can ^ve rise to the ordinary senes 
of fractions I I* if 1L1> so alternating whorls of “ threes ” give rise to 
the scries kinds can be well studied in the Jerusalem 

Artichoke.~G. II.] 

2 


3.8 7.4 

0 


6 


1 

Diaaram illustrating; the order of development of leaves when the intemSdos are 
beginning to be formed, and before the proper angular divergences exist 

Conversely, if the internodes between the component leaves of any 
individual spiral cycle were undeveloped, while those between successive 
cycles were lengthened, a vertirillato arrangement would result. In 
certain plants (for example, the Myrtle, the Antirrhinum) alternate and 
opposite leaves occur on the same stem. Tliis is the case also in those 
Dicotyledons where the true leaves succeediiiff the opposite cotyledons 
are alternate, as in the Scarlet Bean, Mustard, &c. 

It is requisite to distinguish between simidtuneous whorls^ where the parts 
composing it are developed simultaneously, and successive whorls, where 
the parts are developed successively, but are brought together by the non- 
dev^opment of the internodes, llie arrangement of the leaves in the 
manner above indicated is to a ^eat extent connected with the deposition 
of the fibro-yaecular bundles of the stem. It should, however, be stated 
that the arrangement of the leaves on the stem is not always the same as 
that on the branches. 

Certain terms are in common use in descriptive works to indi- 
cate the absolute position of the leaves upon the stem. The name 
radical leaves is applied to those, usually of larger size than thdi^ 
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rest, which are often found collected at the base of flowering 
stems of herbaceous plants, such as the Dandelion, Lettuce, Turnip, 
Planti^o (fig. 11, p. 21), &c. T^e, ordinary leaves of the stem aie 
sometimes £stuiguished as eauHtne or stm-leavea, while the term 
ramtl is occasionally used for those on the shoots of trees and 
shrubs wh^n these present special characters. 

The leaves belonging to* the inflorescence are called bracts. Their 
phyllotSxis generally agrees with that of the stem-leaves. 

The point whence a leaf springs from the stem is commonly 
called the insertion. Leaves are either articulated there, separating 
when dead by a distinctly characterized line of fracture, or they 
merely wither down, and leave their bases as a ragged covering to 
the stem ; the latter condition occurs mostly in leaves with 
sheathing bases. * 

A perfect leaf is divisible into two regions (fig. 54)-— the blade 
or lamina (ft), and the Uaf-stallc or 'petiole (c) ; the latter, when 
present, may be more or less completely represented by a sheath or 
vagina (a), partly or wholly embracing the stem from which it 
arises. At the base of the "petiole ‘often occur distinct leaf-like 
appendages, cfdled stipules. All parts of the leaf — ^blade, stalk, 
and stipules — are much subject to modification, and may even exist 
in the forms of tendrils^ spines^ pitcher-like organs, &c., very unlike 

• Fig. 64. Fig.66. 




regular leaves. These mftamorphosed leaves, or parts of leaves, 
Jtro best treated of separately^ 
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The stalk-like petiole (fig. 56), most common in Dicotyledons, always 
has the base slightly widened out at its point of emergence from the 
stem ; in the leaves of Palms, the Banana, Scitamineie, &c. the l»8e is 
expanded so as to embrace the stem, while in the Grasses the petiole is 
entirely represented by a sheath (fig. 69). The neen part of the leaves 
of the Hyacinth end other bulbous plants is the nlado, Md will be found 
continuous below with a colourless, fieshy, netiolar portion, forming one 
of the coats ” or sheaths of the bulb (fig. I7* p. 26), 

The leaf may, however, be represented by one only of the regions. 
It is very common to find leaves without £stinct petioles, the blade 
springing directly from the stem: such leaves are called sessile 
(fig. 66). On the other hand, the petiolnr region may exist with- 
out the blade; and among the cases of this sort a considerable 
variety of conditions is met with. Petiolar structures, devoid of 
laminsD, and more or less reduced to scales or membranous sheaths, 
are commonly found on subteranneous stem-structures,* such as 
bulbs, rhizomes, Ac., whence we have denominated this part of 
the stem the “ leaf-scale region.” Simil^ scales appear in pl^e 
of grera leaves in the “true-leaf ” region of various parasitic 

E lants, such as Orohanche^ in which the leaves have no physio- 
>gical function to perform ; and they recur periodically on the 
stems of arborescent plants which form winter buds, in the shape 
of bud-scales. In the tnie-leaf region the blade is either supported 
on a stallc-like or sheathing petiole, or is sessile. The sessile con- 


Fig. 67. 



Fig. 68. 



Fig. 56. A sessile lesil Fig. 57. Fhyllodium of an Aoada. 

Fig. 58. Two phjrllodia of OxaH* one with a ternate blade. 


dition is generally more common toward the upper part of stems 
>nd shoots ; and in the bracts or leaves ]^lonmng to the inflores- 
cence the petiolar region is comparatiYely seldom developed. The 
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first leaf ( VorhlaU of the Oermans) on a branch in many Mono- 
cotyledons is of a different form from the rest, and is found in the 
angle between the branch and the stem from which it springs. In 
Dicotyledons there are often two such leaves at the base of a 
branch, right and left, and occasionally they are united into a 
tube. They are sometimes formed after^the other feaves according 
to Hofmeister. • 

In some families the true4eaf region is clothed with petioles 
expanded into the form of la^nse ; these are called phylhdes (figs. 
57 and 58), and in such (^es the true laminar region is often 
partially or entirely' suppressed. 

The transition from the petiolar leaf-scale or^s into perfect leaves 
with sheathing petioles may be observed not only in bulbs, but in many 
Grasses with creening stems, which exhibit, at the junction of the leaf- 
scale and true-leaf regions, sheaths surmounted by short green lancet- 
shaped laminse, increasing in length in successive leaves. 

Stipules. — ^When the petiole appears as a distinct leaf-stalk, it 
is often accompanied by a pisir of more or less distinct foliaceous 
appendages at its base, called stipules. When these exist, the leaf 
is called stipulate (fig. 63) ; when they are absent, exstipulate. 

The presence or absence of stipules is often a very constant character of 
Natural Oilers. The various forms of stipulate petioles form a kind of 
transition to the petioles with sheathing bases. 

'.>h 

Petiole. — ^The pMole is usually of semicylindrical form, with the 
fiat surface above ; not unfrequently this upper surface is channelled 
{mnaliculate\ giving a more or less crescentic section ; in a few 
instances, especially in the Aspen, it is laterally compressed. 
Where it is cylindrical its structure is like that of a branch. 

The atalk-like petiole is either simple, when it supports a single 
blade, or it is branched or compound when the blade is composed 
of a number of distinct leaflets; the branches are sometimes 
called partial petioles, and may even be articulateft at their points 
of origin from the primary petiole. 

Compound petioles supporting the leaflets of compound leaves' are 
known from branches, which at first si^ht they resemble, by arising 
independent from the stem, by having buds in their axils, and 
by the absence of any indication of a leaf immediately beneath 
them. 

Phyllodea. — The flattened or leaf-like petiole, called a phylhde, 
resembles a lamina, but, is known by standing edgewise on the 
Btem— that is, with its flat &ces parallel with the du^tion of the 

b2 
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stem ; in some cases phylhdes exist without true lamines (fig. 67), in 
others the laminsB are more or less developed at the summit (fig. 58 ). 

Striking examples of jj^yUodia with or without laminss are furnished 
by various species of AccuSa (figs. 57 & 101)^ in many of which the blade 
is present^ compound and bipinnate. 

Vagina. — ^The sheathing portion or vagina is the only portion of 
the petiole which is developed in certain plants, as in the (S^rasses 
and Sedges (figs. 69-61), in which it forms a complete sheath to 
the stem, and passes at once into thet>lade at the top : this sheath 
is merely rolled round the stem in the Grasses ; but its mar^ns 
are not disunited, but form a tube, in the Sedges. The vaginal 
petiolar region is more or less distinctly evident in many Mono- 
cotyledonous leaves which at first sight appear to bo sessile, as in 
the Tulip, Hyacinth, <&c. ; and it is generally more or less developed 
at the b^e where a distinct leaf-stalk exists in this class, as in the 
Palms and, above all, in the Musacem. In many Dicotyledons also 
the base of the petiole is enlarged into a sheath, as in XJmbellifers 
(fig. 62). 


Fig. 61. Fig. 62. 



Ffff. 09. Leaf-sheath of a Orass, with an entire Ikmlos 
lig. 60. Leaf-sheath of a Orass. with a bifid \ 

Fig. 01. Leaf-shesth of NriMAoncm. 

Fig. 62. Sheathing base of the petiole of AngeUoa, 

Sometimes the petiole is winged lalate\ as when a narrow 
plate of the blade structure springs from its margms ; in certain 
cases these wings are decurreni down (or, rather, are continuous 
with the sides of) the stem from which the leaf arises, as in many 
Thistles, Verhascwm, Ac,, producing a winged or alate stem. 

Cicat^. — The petiole is ordinarily more or less distinctly jointed 
to the stem ; and when the leaf f^s, it leaves a more or less ex- 
tensive well-defined scar upon the stem, called the eicdtrixi in 
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woody Dicotyledons there is ^nendly a little protuteranoe under 
the cicatrix, which is termed the pulvinus. In Monocotyledons 
the cicatrix is usually very broad, from base of iAke petiole em- 
bracing the stem widely. In some caser t&e petiole is not regularly 
disarticulated, but withers down; but then the decay generally termi- 
nates at a definite point a little above the base, leaving a portion of 
the latter in the form of *a scale-like or tooth-like process projecting 
from the stem. 

Tooth-like processes left by the decay of the petioles may he seen on 
the undisiground stemuf the common Primrose &c., and on the trunks of 
certain Fmms. • 

Stipules. — The ampules or leaf-like append- 
ages of the petiole usually stand at the base of 
the petiole, one on each side, free or adherent 
to it (fig. 63). Thh free leafy stipules are 
sometimes highly developed, and in Lathy ru.i 
Aphaea they exercise the functions of the blade, 
the leaves of this plant consisting merely of a 
petiole destitute of a lamina. When the mar- 
gins ot the stipules next the petiole are con- 
tinuous with that organ, forming as it^were 
wings to it (Boaa), they are called adnate (fig. 64). They are also 
often united by their margins independently of the petiole, or, in 
other iifords, are not separated from each other (connate ) : thus in 
the Plane*tree and in Astragalm they are united by the outer mar- 

Fig. 64. 

Fig. 65. 


Oompottiid <pui]iate) leaf of fehe Booa, Otto* of Poljfffotumm 

with ftdniile itipuloa. 

gins (turned away from the petiole) so as to form a kind of leaflet 
on the opposite side of the stem (itUrapetiolar); in Potamoyahn 
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they are united by their inner margins above the petiole, so as to 
form a compound axillary stipule ; in the Polygonaceas they are 
not only united on this side, but also by their outer margins on tlie 
other side of the stem, tbim forming a short tubular sheath round 
the latter, called an ocrea (fig. 65). All the above cases relate to 
stipules of single leaves ; but similar coherence or lack of disunion 
occurs, in the stipules of opposite leaves, where it is not uncommon 
to find*the two stipules which stand between the leaves, at back 
and front, more or less confluent into a single leaf-like or scale- 
like body {interpetiolar stijpule), so as to form a kind of whorl with 
the true leaves. 

This interpetiolar confluence of the stipules is very characteristic of the 
Order Hubiacefis ; and the ^parent whorls of the SteUaAjx {Galium, &c.) 
often exhibit a confluence of the highly developed leaf-like stipules. 

At the summit of the sheath of the leaf of Grasses exists a little 
membranous scale, connecting the blade with the epidermis of the 
stem ; it is either entire or forked at the top (figs. 59* & 60*); 
this structure, called the is a mere excrescence from the 

stalk. 

The stipules of some plants fall oW at an early period. This is the case 
with the interpetiolar stipules of various Kubiaceous plants. It also 
occurs commouly when the stimiles form the outermost envelopes of the 
leaf-buds, as in Magnoliacese, Ficm ehstica, the Beech tree, &c. 

Small secondary stipules exist at the base of the partial petioles 
of some compound leaves, especially of Leguminosm {Deilnodium) ; 
they are called stipels {stipeUce), 

For convenience of description the stipule has been here treated 
as if it were uniformly of the same nature, varying only in form, 
position, &c. In point of fact, however, the morphological nature 
of the stipules varies in different plants : sometimes they represent 
mere excrescences from the petiole ; at other times they consist of 
the lower leaflets of a compound leaf {Lathyrvs), or they may be 
leaves formed on a contracted and rudimentary axillary branch. 

Lamina. — ^The lamina or blade (6, fig. 54) ol the leaf constitutes 
the most important part of the structure, and exhibits the greatest 
variety in its forms, which latter require to be studied in detail, as 
they often furnish the principal characters for the discrimination 
of species of Flowering Plants and Ferns. It is ordinarily a flat 
plate, possessing an upper and lower mifaee, turned respectively 
towards the sky and the earth, two margins, a base, and an apex. 

In plants of succulent habit the thickness of the leaves is often so great 
that the sides are as broad as the surfiices, or they are more or less 
confounded in a cyUndricaljprismaticj or some nmilar mrm {Mesmbrytm^ 
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themum) ; and nmilar external forms are presented by the cylindrical or 
fattened fistular leaves of the Onion^ &o. 

If the blade stands irione upon an undivided petiole, or is sessile 
on the stem, it is called simple (figs. 54, 55). Where the petiole is 
branched, and bears more than one distinct blade, the leaf is com- 
pound (iig. 64), and its ^separate blades are called leaflets. Both 
simple leaves and leaflets majr be entire — that is, the blade ^y be 
undivided at its margins ; or it may be more or less deeply incised 
or lobed. The divisions or branchings of such leaves are analogous 
to the monopodial branching of the stem (p. 38). 

Form. — The general form of simple and compound leaves, and 
the character of the subdivisions of the blade of simple leaves and 
of leaflets, are associated with the plan of arrangement of the ske- 
leton of the leaf. The solid framework of leaves is composed of 
woody structures which when large are usually termed ribs (eostce)^ 
the small divisions being called indifferently nerves or veins. The plan 
of arrangement of the framework is called the nervation or venation ; 
the ordinary custom is to c^ the principal ribs nerves^ and the 
smaller branches veins. When a distinct principal rib, continuous 
with the petiole, exists, it is called the midrib. 

The superabundance of terms is an inconvenience here as in many 
other departments of Botany. Where it is necessary to select, it is 
advisable to choose those terms which are least objectionable as not 
involving hypothetical notions of function. 

Nervation or Venation. — The modes of nervation of leaves may 
be classed under four principal heads : — 

1. Straight- esr parallel-nerved {folia parallelinervia)^ when (with 
or without a midrib) the principal ribs run in more or less 
parallel lines from the base to the summit (fig. 66). 

2. Gurvinerved (/. curvinervia), when the principal ribs run in 
curves from the base to the summit (flg. 67), or from the mid- 
rib to the margin (fig. 68) — differing little from the foregoing, 
but occurring in broader leaves. 

3. Palminerved (f.palminervia), when the principal ribs radiate 
from a. point at the base of the leaf (fig. 69). 

4. Penninerved {f, pmninervia), when the s^ng midrib gives 
off the side-ribs at a more or less acute angle, like the bmdes 
on the shaft of a feather (figs. 68 & 70). 

, The term tripk-wrved (fripUnervia) is sometimes used for a modifica- 
tion of No. 4, approaching to No. 3, when the midrib gives off on each 
side near the base a strong 8ide-rib> which runs up within the maigin 
.towards the summit. Peuther-ribhed (penninerved^ and hand-rtbbed (ped* 
nmerved) leaves are most common among the Dicotyledons, but tiiey 
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occur also in maOT Monocotyledons, — ^Idte former, for example, in many 
Palms, Musaceae, ^gibeiacees (fig. 08), &c. ; the latter in the Fan^f alms, 

Fig.ee. 



Fig. 66. A pandlel*nerved leaf. 

Fig. 67. A ounrinerved leaf of Olorioia mperba, terminating in a tendril. 

Fig. 66. A penninerved leaf of Oanna, witn oimred aeoonda^ nerrea. 

SmilaceaB and Dioscoracesa, &c,j where there is a transition to a curve^ 
ribbed condition (fig. 67), which, with the straipht^ribhed (fig. 66), is 
most common m the Monocotyledons. Straight-ribbed leareir occur not 


Fig. 71. 



unfrequentljr in Dicotr^ledons, as in Lathyrw, &c. The most important 
distinction m the nb&ig of the two groups is, that in Dicotyledons, the 
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main rib or ribs branch repeatedly at more or less acute angles and 
anastomose by their slender twig^ so as to form a netted or reticular 
framework •, while in most Monocotyledons the branches passing from the 
main ribs go off nearly at right angles, become suddenly much more riender, 
and form a , kind of square latUced or coHe^Bqfe framework whjsn they are 
strongly deVeloped (ng. 76). 

Fonns of LeaTes,— -The general outline of leayes or leaflets is indicated 
by certain technical termk, such as : — circular or orbicular {HyiroeoiyUy 
Tropceolum truyus) (fig. 87) \ roundi^ or suhroUmd, approaching^the fore- 


Fig. 72. Fig. 73. 



Fig. 72^ An elliptical serrate leaf. Fig. 74. An oborate entire leaf. 

Fig. 73; An orate, acute, and dentate Fig. 73. An entire lanceolate leaC 

leaf; yenation arched. edges rerolute. 


going (figf. 71) ; eUipUcal (fig. 72) ; ovaUj egg-shaped with the broad end 
nearest to the stalk (fig. 73) ; obovate, the same shape, with the narrow 


Fig. 70. 



A cordate and abnmtlr 
aouiniiiate l«»aTT 


Ahastataleafi 


A sagittate leaf. 
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end nearest to the stalk (fig. 74) ; lanceolate or* lance-shaped (fig. 76 ) ; 
reniform or kidney-shaped (fig. 79) ; rhomhoidal j triangvilar \ or the 
reverse of this, caneate or wed^-shaped (fig. 88) ; delioM ; epoMa^ or 
spatula-shaped (fig. 80) ; ene^orm or sword-shaped (as in the Garden- 
ifeg) ; linear y a long narrow form with parallel maigins (fig. 81) ; subu- 
late or awl-shaped, a slender, short linear form soon ending in a point 
(fig. 82) ) acerose, needle-shaped and rigid (Pines, Juniper, &c.). * 

Pig. 83. 



Fifi;. 79. A reniform orenate leaf. Fig, 81. A linear leaf. 

Fig, 80. A apathnlate leaf. Fig. 82. A subulate loaf. 

Fig. 83. An obliquely cordate, serrate, and acuminate lea£ 


Sometimes the forms are intermediate between some of the foregoing, 
in v/hich case two of the terms are combined^ such as ovatcxlanceolatef 
signifying a leaf broader than lanceolate^ and with the lower half wider, 
as in ovate \ Unear^lanceolaJtef a long and narrow lance-shaped blade, and 
so on. The term oblique is applied to leaves where the portions on either 
side of the midrib are unequal, as in the Begonias, Lime, Elm, &c. 
(fig. 83). 

Ba.se of the Leaf. — Special terms are also required to describe the 
character of the base of the leaf. Thus, sagittate or arrow-shaped (fig. 76) ; 
hastate or dart-shaped (fig. 77 ) ; cordate, the shape of a heart on playing- 
cards, with the broad end nearest to the stalk (fm. 78) ; obcoraate, the 
same shape, with the point attached to the stalk (fig. 108) ; cordate at the 
base may be added to ovate, elliptical, or other form, where this condition 
exists ; if a sess^e leaf has a cordate base, it becomes auriculate or eared 
(fig. 84) when the borders are free, amplexiiStfd or claming if they adhere 
to the stem. The last form is a transition to the decurrent state. 
When the posterior lobes of a sessile leaf extend round the stem com- 
pletely and become confluent on the other side, the stem impears to run 
through the leaf, and the leaves are called perfoliate (fig. 85) f when the 
basilar lobes of a pidr of onposite leaves cohere on each side, so as to pro- 
duce a similar condition, the leaves are termed connate (fig. 86). Some- 
times the blade is gradually narrowed towards the petiole, and becomes 
attenuated at the base ; when the blade passes still more gradually into a 
broad-winged sta)k, a spgtuUtte form results. 
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Fig. 86. 

Fig. 84. 


An aurioulate leaf A perfoliate leaf Connate leaves. 

Pigr. 87. 

Another character relating to the base is the 
mode of attachment of the blade to the petiole. 

Usually the midrib, w set of primary ribs of the 
blade, is in a direct line with the petiole ; but some- 
times the ribs, os they pass from ^e petiole into the 
blade, separate and radiate horizontally from the top 
of the stalk, so that the latter4ppeart to be inserted 
into the hack of the leaf ; such a condiltion is called 
peltate^ and occurs in Tropaiolum tnajiis and other 
plants with orbicular leaves (fig. 87). 

Apex of the Leaf. — ^The apex or point of the leaf a peltate orbiooior leaf, 
has certain^ characters : it may be acutef or sharp 
(fig. 66) j acuminate^ or with the point drawn out gradually Fig. 88. 
(fig. 68), or abruptly (fig. 78) ; or mucronatey when it is tipped 
with a spi/ke (fig. 88). It may also be ohtmej when an ordi- 
narily pointed form is suddenly rounded off at the tip; mor- 
ginatey when there is a shallow notch where the point should 
be; retwcy when a notch of this kind is deep: this last form 
approaches to the cbcordate (fig. 108). 

Margin of the Leaf. — The margins of the leaf are either 
entiref tnat is, with an unbroken edge (fig. 71) ; crenatey when 
they exhibit a series’ of small rounded teeth or scallops ,Jndmu^ 
(fig. 79); dent€Ue when the teeth are acute and pointed ra- natelea£ 
aially (fig. 73); serrate, when sharp teeth point towards 
the apex (fig. 83) ; retroserrate, when ^arp teetn point towards the base. 
If there are coarse teeth, the mar^ns of which are again more finely 
toothed, as in the Elm, the leaves are douhlg serrate (or doubly dentate). 
Sometimes it is requisite to say, invgularly toothed, or incised, as in many 
Thistles ; and these teeth, as well as those of regularly dentate or serrate 
leaves, may he tipped with spines, when they are termed epinose-serrate, 
&C. When the outline exhibits shallow wavy curves, it is sometimes 
called repand (figs. 86 & 87). The margin may also he revohUe, or rolled 
back toward the lower fiice (fig. 75), or involute when rolled round on to 
the upper surface. Sometimes, through ezoessive growth of the marginal 
parenenyma, the edges of the leaf are undulated ^ when the edge of a 
strip of paper swells from being wetted (fig. 95)). 
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Lobed Leaves. — yerj larffe number of simple leaves, and of leaflets 
of compound leaves, are divided more deeply between the principal ribs; 
to such the general name of lobed leaves is often applied, and the more or 
less distinct parts are called lobes ; thus we may nave hilohed (fig. 89), 
irilobed (fig. 90), and so on, according to the number of the divisions. 


Fig. 91. Fig. 92. Fig. 93. 



Fig. 80. A bilobisd leuf. Fig. 01. A pinnatiSil 

Fig. 00. A trilobed leaf. Fig. 02. A pinnaUpartite loaf. 

Fig. 03. A pinnatipartite lyrate leafl 

But it is foimd req^uisite in Descriptive Botany to subdivide lobed 
leaves into more definite classes ; of these there are two principal types, 
defined by the character of the ribbing. When the ribs are arranged on 
the feathered plan, we first take the prefix (leathered), and sub- 
join to this a word indicating the degree or kind of aivision, thus : 

UM {feather-deft)^ if the broad notches between the lobes extend from 
the margin to about halfway between this and the midrib (fig. 91) ; 
pmnatipartitef if the notches extend nearly to the midrib (fig. 2&) ; pinna- 
tieect, if the separate lobes are almost ^e, and merely connected by a 
narrow strip ot parenchyma. Certain less frequent modifications of these 
forms of the feathered type are conveniently distinguished by technical 
terms, such as : — sinuatej a form either of the pinnatrfid or pmnaiuect leaf, 
when the excavations and the apices of the lobes are rounded, as in the 
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common Oak-leaf ; a pinnatifid or pinnatipartite leaf, with the end 

lobe much larger than the rest (fig. 93): runtAn.^, a lyrate or simply 
pmnat^ leaf with the points of tne latei^ lobs^s turned towards the base, 
as in the Dandelion. When the incisions are deep, but very irregular in 
size and form, the term hciniate is sometimes emiuoyed. 

When the ribs have the palmate arrangement, similar terms are sub- 
joined to the prefix pahm- or palmati-f or palnv^ (fig. 94), palnmeet 
(fig. 90), and pahmpaHite (fig. 96), according to the depth of the divi- 
sions. A special modification of this type occurs not unirequently, when 
the lower or outer ribs, and consequently the basilar lobes, turn back more 
or less towards the petiole j such leaves are generally deeply cut ; but the 
general 'prefix pedatir mAj be used in the words pedatifidj pedatueety or 
pedatipartite (fig. 97), according to the rule given above. Such leaves 
may be compared to sympodial ramifications; the central lobe is the 
prima^ one from which on either side lobes of the second degree are 
formed; these produce tertiary lobes, and so on, but always on one side 
only, as in some forms definite ramification. 

Jig. 96. Fig. 97. 


A palmiseot leaf, the aegmenta A pedatipartite leaf, the 

oblong>oboTate serrMed. aegmenta lanceolate. 

The bUobed, trUdbedy quinqmhhedy and similar forms are usually refer- 
able to the pdmate type, and should be more definitely named if they 
occur in a genus where the leaves exhibit many of these forms, in a coy*- 
stavd manner ; if the leaves are inconstant in the depth of the divisions, 
these more general names are preferable. 

Simple leaves divided on the feathered plan exhibit also more compli- 
cated conditions. The primary lobes of a pinnately cut leaf may be sub- 
divided again in the same manper, and the secondary lobes a^ain into tei^ 
tia^ lobes. These are named on the same principles, bipinnah^ytnpiim<xU~ 
•My -secty or •‘partiUy according to the de^e oi division of the last set of 
iobesy i. e. of the secondary lobes of bipinnatifid (fig. 98) and the tertiary of 
tripinnatifid. When the leaves are subdivided a fourth Hnte^ dr ev^ 
where tripinnatmct leaves have Jdiform segmmtsy the term dissected is 
usually employed. 

It must be Dome in mind that the terms above defined are applied in a 
^ similar manner to the leafiets of compound leaves, next to be described^ 
'being subjoined in description to the terms which d^e the plan and 
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degree of diFision of the petiole. They also apply to the bracts, sepals, 
and all other organs of a leaf-like character. 

Compoimd leaves are such as have the petiole branched once 
or more times before it bears blades ; the branches of the petiole 
are called partial petioles or petiolules, and are often articulated to 
the main petiole, which in this case is occasionally termed the 
rachis, Btipels occur at the bases of sorfae partial petioles. The 


Fig. 98. Fig. 99. Fig. 100. 



A bipinnatifid leaf. A paripinnate leaf. An imparipinnate leaf. 

separate blades of the leaf are called leaflets {foVidla\ or pinnce. 
Compound leaves may be classed generally into simgly, doubly, 


Fig. 101. Fig. 103. 



Fig. 101. A binate or unuu|»te pinnate leaf. 

Fig. 109. A bipinnate leaf, the pmrn uniiugate. 

Fig. 108. A bipinnate leaf, the mnltijiigate pinnce paripinnate. 
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triply compound or decompound (mprcukctmposUa)^ according to 
the number of the successive branchings of the petiole. The rami- 
fication follows the same types as that of the ribs of simple leaves, 
and exhibits analogous subordinate modifications. 

Pinnate leaves are such as have a rachis bearing sessile or stalked 
lateral leaflets arranged on the feathered plan. Sometimes there is an 
odd terminal leaflet, whefl the leaf is uneqmUy or impari^pinnate (fig. 
100). When there is no end leaflet, the leaf is ahrupuy or paripinnate 
(flg. 99). Interruptedly pinnate means that the opposite pairs of leaflets 
are alternately large and small, as in Agrimmia. The pairs of leaflets 
are sometimes called ; and if only one pair exists, the leaf is wnijugate 
(fig. 101) ; if more pairs, multijugate. If the leaflets are not in pairs, but 
alternate with each other, the leaf* is aitemipitmate. 



A bipinnate leaf, the piniuB imparipiiinate. A tripiniwte leaf, the pinne impuipimiate. 

Pipinnate leaves are formed when the main petiole bears secondary 
petioles with distinct leaflets pinnately apanged (figs. 102-104). Tn- 
pinnate leaves exhibit an additional (tertiary) series of partial petioles 
with distinct leaflets (fig. lOo). When the division goes beyond the third 
degree, the leaves are cidled decompound (fig. 106) ; but it is more common 
to find bipinnate or tripinnate leaves with their leaflets pinnatifid, 
-partite, &c. • ^ * 

Palmate (or digitaie) leaves are such as have a number of distinct 
leaflets arising from one point, like the ribs of a simple leaf when the 
plan is palminerved. Pi~ or tripalmate leaves are veir rare (Araliacese). 
The only modification appears to be the pedate leaf, analogous to the 
pedatisect simple leaf, but with distinct leaflets (fig. 107). ^ 

The terras temate, quinate, and smt^ate are often applied to palmate 
leaves with a definite number of leaflets. Temate leaves, however, may 
«ccur eilhex on the palmate (fig. 108) or pinnate plan ; if on the latter, 
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there is only one pair of lateral leaflets and a terminal one, but in. these 
the petiole is ordioarily developed between the pair of leaflets and the 


Fig. loa 



Fig. 107. 




Fifr. 106. 


Fig. lOS. A pinnately decompunnd leaf. Fig. 108. A ternate leaf with oboordate 

Figi«107« A pedate leaf. leafleta., 

end one. What are called hitemate (fig. 109) and tritemate compound 
leaves are in most cases pinnate leaves with unijugate and terminal 
leaflets. Such leaves should perhaps be called ternato-pinnate or biternato^ 
pinnate j &c. 

A modified form, apparently intermediate between pmnaU palmate 
leaves, like some temate leaves, occurs through the suppression of the main 
rachisof the bipinnate leaves of some Acacias, giving what may be 
called a pdmipmnate form (fig. 110). 

Fig. 109. 

Fig. 110. 



A biternate leaf. 


A palmipiniiate leaf. 
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The leaflets of eompotmd leaves of plants are ordinarily culled 

•piwut^ and their suMivisions lobes ; but m the Ferns, where the leaves 
are highly compound, and the segments somewhat variable in the degree 
of confluence, the primary divisions of the leaf are called pinMSy the 
secondary pirntdesj and the tertiary lobes or segments. In highly com- 
pound leaves, the ramifleation of the petiole and subdivision of the lami- 
nar structure become less cojnplex toward the apex. 

Texture. — The varieties of texture of ordinary leaves depend 
chiefly upon their, anatomical condition ; but it is requisite to 
notice here several terms, such as membramm^ leathery (or coriace^ 
ous), sucbulent^ <&c.,,u8ed in Descriptive Botany, but which scarcely 
re(]uire explanation. In aquatic plants the leaves are usually of 
slighter texture : when they float on water (natant leaves) the forma 
and general external chara^ers are not much modifled ; but when 
they grow wholly under water {submerged leaves), they are not only 
more delicate, but are sometimes cut up into flue fllifonn segments, 
as in lianurwulus aquatilis. 

Duration. — The duration is different in different plants. Those 
which are unfolded in spr^g and fall off in autumn are called 
deciduous. What are called evergr^ leaves vary in duration : thus 
in ordinary evergreens, such as Ivy, Cherry-laurel {Prunus Lauro- 
centsus), &c., the leaves remain through the winter and fall off 
only when new ones ai'e becoming developed in the spring ; 
while in many Conifers, as in species of Pinus, Araucaria, &c., the 
leaves remain attac*,hed for many years. 

The anatomical structure of leaves exhibits many interesting modifica- 
tions, related in some degree to fhe media and climates in which plants 
grow. These will be more particularly explained in another place. 

Surfaces. — The surfaces of leaves, like those of herbaceous 
stems, exhibit a variety of conditions dependent on the character 
of the epidermal layer. 

Glahreseent is used to signify that a surface, hairy when young, becomes 
smooth' when the leaf is mature, by the hairs falling on. Some 
smooth surfaces are shining \ and this is very often the case with the 
upper surface of evergreen leaves. Hairy surfaces are differently denomi- 
nated, according to the character bf the hajrs and their mode of occur- 
rence. Thus a pilose surface is covered with scattered soft and small 
hairs, a hirsule with scattered long hairs, a hisM with scattered stiff 
hairs; a pxibescent surface is covered closely with short soft hairs, 
a vUlous closely with longish weak hairs : and when the hairs are curled 
and interwoven, the terms sUky {seHceus), woody {lmatm),feUed (toman- 
tosus), or floeoase, are applied Mcofgoifflto the coarseness ot the hairs and 
the thickness of the coat they 

What may be called the natuiii^raitethness of surfaces may he 
interfered with by other irregularities analogous in their nature to hiirs. 
Blight, almost invisible rigid projections render the surface scabrous i 
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hard rigid hair-like processes, called hri«tle» or aeta^ make the surface 
aetoae ; and similar structures still more developed (occurring mostly at 
the apex and the points of the teeth of leaves), called apineSf sometimes 
occur and produce a apinoua surface. MoiUfted, usuallv compound hairs, 
containing oily or resinous secretions, are called glandmar hairs, rendering 
a surface tiacom or ghAimua^ whidli conditions, however, are sometimes 
produced by gh.nda sunk in the epidermis. The glands are sometimes 
superficial productions from the epidermis o( skin of the leaf|, at other 
times they are outgrowths from the tissue of the leaf itself, to will bo 
described niore fully wh4n their structure is considered. Stinga are long 
stiffish hairs containing an irritating fluid. Scaly {lepidotua) surfaces are 
produced by the occurrence of minute stalked flat scales, analogous in 
their nature to hairs. Sometimes the cuticular layer of the leaf separates 
in minute scale-like fragments^ giving a aciirfy appearance to the surface, 
which is termed furfuraceoua (as in the leaves of the Pine-apple and its 
allies). The j^uinose condition is that which results from the conversion 
of the cuticle into a thin detachable film of waxy matter, of which the 
“bloom” of plums, grapes, &c. affords an example. These structures 
will be more fully described under the head of Minute Anatomy. 

Characters afforded by Leaves and their Modifications. — In 

Descriptive Botany attention is specially paid to the situation, 
attaehmerit, duration, direction, arrangement, form (general and of 
base, apex, margins, surfaces), colour, texture, &c., as above 

descrll^d and as further illustrated in the section . on the mode 
of describing plants. With the necessary modifications, the same 
directions apply to the parts of the flower, &c. " 

Special Modifications of ike Leaf and its Parta^ 

Tinder the head of the petiole we have spoken of phyllodia as 
blade-like forms of the petiole (flgs. 57 &*58). Not only does 
the leaf-stalk exhibit this and other modifications, disguising its 
real nature, but the blade also and the stipules are subject to 
similar modifications, in which the organ or region is only re- 
cognizable by its position and relations. 

As these metamorphic structures fall under certain type& whish are 
represented in different cases by all the different regions bi the leaf, itds 
most convenient to describe them under special names. 

Pitchers (ascidia) are structures of* the form indicated by their 
name, produced by peculiar modes of development of the petiole, 
the blade, or of both together. 

One of the best-known examples is fpund in the Nepenthes, or Pitcher- 
plants, in which a portion of the lefwes e^ibit a very long stalk, winged 
at the base, supporting at the extremity a pitcher-like sac of ordinary leafy 
texture, fumisned at its inouth with a little fiat plate resembling a lid 
(fig. 111). The pitcher is commonly explained as a kind of phyUode, or 
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faliaceous petiole, rolled up, and with its margins confluent, the lid-lika 

1 1. I ±. iJ. ” 


Kg. 111. 



body being regarded as the ; but it appears 

more correct to consider the pitcher as the lamina 
furnished with a distinct terminid lobe (opereuhm). 

JSarracemOf a North-American bog-plant, has 
analogous pitchers, which are sessile* at the base 
of the fldwering stem; KtUamphora (Guiana) 
has the pitchers less complete, the inner side 
being slit down as it were for some distance, 
from the imperfect confluence of the margins 
of the leaf. In Dkchidia Rqfflesiana the pit- 
chers ord plainly formed from the blade, and 
are open at the end next the petiole; and a 
similar condition exists in the pitchers formed 
from the bracts of Maregravia and Norantea, 

Somewhat allied to the above, on a small scale, 
are the vAriadi^ or sacs of the Utrietdaria (flg. 

112), little bladder-like organs, closed at first by 
a lid, developed from some of the lobes of the leaves of these aquatic 
plants, and apparently serving as floats ” and as traps for insects. In 
other aquatics (Trapa^ &c.) floats are formed by injlatm 
petioles f constituting as it were indehiscent pitchers, sur- 
mounted by ordinary blades. 

Tcratoloi^cal illustrations of the origin of pitchers 
are occasionally afforded by garden plants. This has 
been especially observed in the Tulip, in whii^h the 
leaf next the flower-stalk has been found with its 
margins completely confluent into a kind of spathe, 
whidb bursts by a transverse fissure to allow the flower 
to appear. 

Tendrils {drri) are thread-like processes, curled spirally, by 
Fig. 113. 


Pitcher of Nepenihet. 


Fig. 112. 



UtriouloB or air- 
BBOof UMeularia. 



Jfitt. 118. LeaveB ofLathyruM ikaoa,repr6Bentad by tendrils, wjth large foliao^B Btipnleaf 

114. Leaf of QUriosa pronged into a tendril. 



MOBPHOLOOT, OK COHPABATITE ANATOMY. 


which weak-stemmed plants attach themselves to foreign bodies. 
They may bo modifications of any part of the leaf or of a branch. 

In Lathyf^ the blade^tructure of tjie leaf is more or less deficient in 
different species. In X. Aphaca it is wholly wanting, the 

petiole running out into a tendril, which may be regarded as consisting 
either of the leaf-stalk alone>;ior of this and the midrib of the lamina. In 
L. odwaim (Sweet Pea) the pinnately eo^iipound leaf has one pair of 
leaflets, and usually one pair of tendrils, und a terminal tendril in the 
ordinary place of the remaining leaflet. In the edible garden Pea there 
are severd pairs of leaflets, and often several pairs of tendrils, with a 
terminal one. In Qloriom superha^ a Ijiliaceous plant, the broad simple 
lamina runs out into a terminal tendril (fig. 114). In Smilax (fig. 1I»5) 
the two stipules are represented by a pair of tendrils; while in the 
Cucurbitacem one tendril only occurs, which some regard as a stipule, 
others as a metamorphosed Wf, others, again, as a branch or peduncle. 



The tendrils of the Vine (fig. IIC^ are modified flowering branches, 
originally terminal but displaced during growth so Fig. 117. 

‘as to become placed opposite to leaves, and often 
tuberculated by the existence of abortive flower- 
buds. The nature of the axillary tendrils of Passion- 
flowers is similar. 

Spines {i^inas) or thorns are hard, sharp - 
pointed woody processes, formed, like •tendrils, 
by modification of entire organs or pgprts of such. 

Thus in the common BerbeM^ sodte of the leaves 
are represented by compound splhe|i4,in the' ’ yjb* of 
which arise fasciculate j?roup^ oC^^vea« ’ In the 
False Acacia-tree {Bobinia the stipules 

are represented by a pair of spines at tho base of the 
petiole (fig. 117), while in certain species of Astra^ 

/Itllllit f.Ylo Tkt.'f.irklAa orA arviviAa 


Base of tbe leaf of 2<to- 
biniOf with Btipnles de- 

r ' v“o’ w uv. WW.JA VTA i«* Teloped as ipinee. 

gahts the petioles are converted into spines after the fall of their leaflets. 
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Spinous processes developed upon the petiole in the upper put 
or the leaves of certiun Palms {Plec^omia)f and even on the sux&ces of 
some leaves, as in some varieties of Holly. 

True spines, however, are more £^uently dependencies of the stem : 
thus in the Gooseber^ they are c^eloped from the pulvmus^ below the 
base of the petiole. In the Black-thorn {Ppmus spmosa) the spines are 
real branches (fig. 118), es el^ are the spihes of Gleditsckia triacafi^oa 
(fig. 119), and the principiff'fflpes of Furze (Ulex)^ in which, however, 
the points of the leaves are tq^hbus also. 



Fii;. 118. Spinous branch of I¥umu 9^ino»a (Biaok-thom). 

Fig. 119. Spinous branch of QJsdiUokM triaeanthoM. 

Prickles ^cwulei), properly so called, are sharp woody processes, 
•straight oi; curved, occurring upon stem^ leaf-stalks, at the points 
or on the margins, or upper surface of leaves. They are mstin- 
guished from true spines by their originating from the epidermis, 
like hairs, glands, &c., and by having no connexion with the 
internal woody substance of the stem or ribs of the leaves Ac. 

• Glands. — ^This is perhaps the most convenient place to mention 
the nodular or discoid glandular bodies that occur in connexion* 
with certain leaves, as on the petioles of Passiflora Ac. They are 
distinct in their nature from the epidermal glands before mentioned, 
and CDoaiderable attention has been directed to them on morpho- 
logical grounds ; hence they will be adverted to again in spealdng 
of the flower. * 


Sect. 5.uTdi 

The bud is a comp<^nij. composed of a solid conical 

or growing point, a number .of rudimentary 

leaves. In the leaf-bud^ or r^ijlPltt^ a shoot, the conical base 
represents the future stem, vrith its intemodes as yet imdevek^ied; 
the scales are either entirely mdimentaiy leaves, or a portion ef 
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thorn on the outside are modified leaf-structures, forming scales for 
the protection of the inner leares, and destined to fall off when 
the bud expands. In the early conditions, the flower-hud is essen- 
tially analogous to a'ieaf-bud; but its ultimate history is different, 
as w^l be shown hereafter. 

Many of the general characters of buds have been described already, 
under the head of the stem (pp. 34, 35) ] but there are some other more 
special peculiarities which require separate treatment here ; and repetition 
of certain more important facts will not be disadvantageous. 

In all seeds, except those of the few Orders which present an 
incomplete or acotyledonous embryo, the young plant is possessed, 
at or soon after the time of germination, of a rudimentary bud, 
called thB plumule, situated at the point of growth of its ascending 
axis (figs. 120-122). This is the terminal bud of the young 

Fig. 122. 



Fig. 120. Monocotyledonoas embryo of Potamogeton, out through perpendicularly : a, radicle ; 
cotyledon; o, plumule. 

Fig. 121. Diootyledonous embryo of the Bean (Faba), with the cotyledons, b’ b', separated : 
a. radicle; c, plumule. 

Fig. 122. Diagram of a gemtinating Dicotyledon, with the plumule or terminal bud between 
the expanded cotyledons. 

plant ; and stems and shoots only retain the power of elongating 
so long as they possess such a bud at their extremity?' When it 
is removed by artificial means, by frost, or, by metamorphosis, is 
replaced by a flower, the onward growth of the shoot ceases. 

Axi l lar y buds are the origin of J;he ramifications of stems. 
They are developed in the axils pf leaves ; and as they unfold into 
secondary axes, they become the^terminal buds of such shoots. 
Other axillary buds are formed theoiodes of these secondary 
shoots, to repeat the ramificationT^ developing into tertiary axes 
according to the type of th^erMee (fee p. 34). 

Adventitioiis or aecidental are those which appear, con- 
trary to the usual order, at inde^nito points, unconnected with the 
axils of leaves. Generally speaking they are abnormal products, 
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presenttDg themselves under special conditions. They usually 
occur on organs in a very activo state of vitality, subjected to 
stimulating external conditions, especially where, through natural 
or artificial operations, there an absence or insuliiciency of 
normal buds to carry off the development^ energy of the plant 
or organ. 

Adventitious buds may iSe produced from any part of the plant. With 
regard to those produced on old stems, as in pollarded trees, or those which 
occur on subterraneous stolons, as in the Rose, Ash, Ac., it is not always 
easy to decide without dissection whether the buds are really adventitious 
or merely latent axillary buds stimulated into development; but true ad- 
ventitious buds do occur. The production of adventitious buds on true 
roots has been f r^uently observed, as in Pyrus japmUca^ Maclura auranr 
tiaca, Paulownia impenalisj Ac. ; and the Anemmie japmica is commonly 
propagated by cutting of the rbot. The formation of adventitious 
buds on leaves is a still more remarkable j^ysiological phenomenon. It 
has been observed chiefly in succulent leaves^ but it is not exclusively con- 
fined to them. When it takes place, the first sign of deS^elopment is the 
production of adventitious roots, followed by the formation of a cellular 
nodule which subsequently assumes the character of a bud. Among, 
natural examples, the leaves of Cardamine pratmsis have been observed 
to form adventitious fbots on the lower side when lying upon wet ground, 
and even to produce buds j the leaves of several Ferns, such as Woodwar- 
dia radkanSf root at the end, and produce buds which propagate the plant ; 
and many similar instances might be cited. Artificial production of buds 
on leaves is now a familiar fact, under the influence of heat and moisture, 
not only on the scales of bulbs, but on the green leaves or even fragments 
of the leases of BryophyUumf Echeverkiy Gloxinia, Oesnera, Horn, Ac. ; 
the Orange and the Aucuha japonka may also be propagated by their 
leaves. Sometimes the leaves produce rootlets alone, and remain stationary 
without having force enough to develop a bud. 

The formation of adventitious buds on leaves, especially in BryophyUmi, 
where a number are often produced, ari’anged on the margin, is of great 
interest in connexion with the theories of the structure of ovaries and 
the origin of the ovules. 

Bud4ical68« — ^The bud which continues the growth from the 
plumule of a germinating plant (fig. 122), and the axillary buds 
produced during a season of active growth, are composed of rudi- 
mentary leaves ; but the winter- or resting buds formed on most 
deciduous trees and shrubs of temperate climates present the 
modified foliar organs caUed buitsccUes (perulce), analogous to ^e 
scales of bulbs and other subtei^aneoos buds of herbaceous plants 
(figs. 123 and 124). Budjs wll^ut scales are called naked. The 
scales, when present,.areMm1^^^thery or membranous texture, 
and are often clothed more or; densely with hairs, which are 
sometimes glandular and produced resinous or glutinous secretion, 
which exudes when the buds swell. 
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When winter-buds swell and open, throwing off their scalesi the inter- 
nodes l^tween the latter do not elongate, while those between the nas- 
cent leaves do $ consequently the starting-point of each annual ^riod 
of growth of a branch with an indefinitely developed terminal bud is 
indicated by a Utile luind of scars marking the place where the scales 
Btood. 

Fig. m. 



Fig. 123. Section of thu end of a ehoot of the Horse-ohettnutt showing the tSnninal and two 
axillary bnds ; tho terminal bnd oontahiBan inflofesoenoe* sarrounded by scales 
and rudimentary Reaves. 

Fig. 124. Bod-soales a, b, and indimentazy leaves o, i, from (he winter-bnd of U rei w Avium. 


The first two scales of a bud of a dicotyledonous plant, like 
two cotyledons of the. embryo, usually stand right and left of tlie 
axil on which the bud arises ; the succeeding scales assume at once 
the regular character of arrangement of the leaves of the species. 

In winter-buds there is commonly a gradual transition from the pure 
scale to the true leaf (fig. 124), as occurs in bulbs ; and the scales, as in 
bulbs, are referable chiefly to the vaginal or petiolar portion of ^the leaf. 
But the scales originate differently in different cases : thus we* have 
petkHar scales^ as in the Walnut and Horse-chestnut ,* sHpular^iealeaj as in 
the Vine, Oaks, Elm, Poplars, &c. ; in this case, however, especially in 
the outer scales, the stipules and the petidle are confluent into one organ 
(.Qisnus, Ito8a^ &c.) (6g. 124). scales are formed by the blade 

or the leaf; of which we have ezam^s in the Lilac, Maples, Coniferss; 

&C. * 

.ft, ' 

VematioiL — ^The mode i|^^hicB ra31fiientary leaver are arranged 
in leaf-buds is called, the vematibn, and furnishes important syste- 
matic characters. Two points have to be regarded here, viz. : — 
1, the arrangement of the leaves in relation to each other ; and, 
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2, the fflaniier in which each aeparate leaf ia folded. The general 
arrangement is called imhriofitie or mlvate^ according as the margins 
of the leaves overlap on^ iraother or siinply meet without over- 
lapping; but more minute/ distinction^ are /observed, and these 
depend to a great extent on the phyllotaxis of the species. Thus 
with the or other spiral plan, we have usually triquetrous 
(iig. 1^) or quincuncihl (fig. 128) imbricate buds proper; with 
alternate ^ or distichous leaves the vernation may be equitant (fig. 
125), where each leaf, sharply folded (eanduplicate)^ completely 


Fig. 126 . - Fig. 128 . 



SooUous through Buds, ahowiog their reoiprooal yeni*tioii. 
Fig. 125. Imbrioated, and equitant (of a Gram). 

Fig. 126. Iinbrioated, triquetroua (of a Garez), 

Fig. 127. Induplioate, deoumte (w the Apple). 

Fig. 128. Imbricated, quinounoial Poplar). 


embraces its successor (as in the Flag), or half^equitarU or ohvolute^ 
where the leaves are similarly folded, but each leaf embraces only 
one (lateral) half of the blade of its successor. Valvaie buds occur 
mostly where the leaves are opposite ; a modification of this form 
exists where the margins of the leaves are rolled inwiwds (fig. 127), 
and is called induplicate vernaiim. 

The individiml leaves Fig. 120. %■, Fig. 130. Pig. 131. 
in a bud are either 
folded^ or rolled. For the 
first, o£ course, no special 
term is requisite. Of the 
folded leaves we have : — 
reclinate, or indexed, where 
the leaf is folded horizon^ 
tally, so that the point il : 
brought down to the base 
(Liriodendron ) ; condupli^ 

<cate (fig. 125), wherO the leaf is folded perpendicularly at the 







Sedtions through leayei showing their 
f ^ iadiviaual vematiQn. 

Vernation of a plioato le^. 
FSi'lSQ. Vernation at aconyolnte leaf 
Fig. 181. Vernation of reyolutelearefc 
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midrib and the lateral halves are placed face to face (Oak) ; and 
2 ilicate (fig. 129), where the blade exhibits several perpen^cular 
folds, as in a fan (Vine^ Beech, Maple, Currant, &c.) ; this last is 
often combined with the preceding. When rolled up, also, the 
rolling may take place in either direction : where the apex of the 
leaf is rolled down toward the base, as in the Ferns and in the 
flower-stalk of Drosera, it is circinate ; if the leaf is rolled up from 
side to side like a plan, with only one edge free, as in the Cherry 
&c., it is convolute (fig. 130) ; when both margins are rolled inward 
toward the midrib, it is involute (fig. 127) ; and when both igiargins 
are rolled outward toward the mi&b, it is revolute (fig. 131). 

. 'V 

Sect. 6. The Inelobesoence. 

In all Flowering Plants, a portion of the buds change their 
character at certain periods and in certain situations. They cease 
to elongate and produce true leaves, while the foliaceous organs of 
which they are composed are gradually developed into that assem- 
blage of organs which constitutes a flower. 

So intimately are the 1^-bud and flowei^bud related, that, under 
peculiar conditions, producing monstrous growths, flower-buds are seen 
to expand into tufts of green leaves, or imperfect flowers to throw out 
leafy shoots from their centres; such cases are often observed, for instance, 
in cultivated Hoses ; and leaf-shoots may likewise exhibit more or less of 
the characteristics of a flower, &c. • 

Flower-buds are subject to the same laws of arrangement as 
leaf-buds. The buds which commence the growth of the repro- 
ductive structures may be at once developed into solitary flowers, 
or, as is more common, the blossom-buds unfold into a system of 
branches terminating in flowers, the branches all originating in the 
axils of modified leaves, called hraets. The solitary flower, or the 
connected systefli of flowers arising from one point, is called the 
inflorescence^ which is either termimd or axUlai'y. 

The inflorescence is produced from the terminal bud, or from this and 
one or more of the upper axillary buds, inmost annual plants ; and there 
is often a gradual transition from the true-Ieaf stem into the bract-region, 
or inflorescence. The s^me is the 6ase, to a jgreat extent, with the 
flowering stems of biennials. The inflorescence of herbaceous perennials, 
bulbs, &c. is either terminal or axillar^^ as is that of arborescent .plants. 
In the Horse-chestnut (fig. 123) and JLilao, for example, the terminal 
bud usually ends in a blossom*, while in the Apple and its allies the inflo- 
rescence is axillary. 

When the inflorescence is developed from the terminal bud of an un- 
branched stem, the growth of the plant pnds in the blossoming, as is the 
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case in the Agwt»^ the Talipot and other Palma, which require a number 
of years to briug them to the point of flowering, after which they die 
away, like a bulb with a terminal infloresc^ce, the plant being some- 
times propagated at the same time by ofl&eto Irom the amis of the lower 
leaves. Tne inflorescence of other unbranch'ed Palm's, such as the Cocoa- 
nut, is axillaiy, and thus may be repeated indefinitely. 

A flower-bud may be either ov stalked; if the latter, the 
stalk is called the peduncle. The branches of the peduncle or the 
slender stalks bearing the individual flowers are called pedicds^ 
and that portion of the main flower-stalk or axis from which the 
pedicels spring is sometimes called the radiis. 

Solitary flowers. — The simplest forms of inflorescence consist 
of solitary flowers, either terminal (as in the Tulip), or axillary, 
when simple peduncles arise from the axils of ordinary leaves (as 
in Lysimachia Nummulariuj see also fig. 13, p. 23). 

The term scape (scapus) is applied to a stem devoid of true leaves, 
arising underground from the terminal bud or from the axil of a scale or 
leaf ot a rhizome, bulb, &c. It may bear a single flower, as in the Tulip, 
or a group of flowersnss in the Hyacinth, or a ^^head ” of flowers, as in 
the Daisy, Dandelion, &c. 

When solitary flowers arise in the axils of ordinary leaves, the flower- 
leaf or bract-region of the stem is scarcely represented (fig. 13), or, at 
least, does not differ from the true-leaf region ; but, generally speaking, 
those parts of the stem which bear flowers are separated to a certain ex- 
tent from the tnie-leaf region, and form a distinct association of parts, 
representing the bract-region. In the flowering stems of annuals and 
biennials it is often diflicult to draw a line at the bbundary of the true- 
leaf region and the inflorescence, from the leaves passing insensibly into 
bracts from below upwards, as in the Foxglove. 

Bracts. — The leaves of the flower-leaf region of the stem are 
called bracts. They are mostly smaller than the leaves preceding 
them, usually simple, and often scale-like, or glumaceous^ consisting 
of the vaginal portion of the leaf only. In the gdoerality of cases 
they are green ; but not unfrequently they are tinged 'with the same 
colours as flowers (as in various Sages), or are even entirely petaloid. 
In other cases they are me^ibranous, and then often very transient 
in their existence. The diminutiye term hraeteoU is applied to the 
small bracts which occur ou the pedicels .of certain plants, often 
in pairs. 

The term hraeteck is loosely applied ^^ome authors to the jailer 
bracts of a compound infiorescenoe ; but it is much more convenient to 
use the term bract for all leaves which subtend branches of the inflo- 
rescence, and to call those scales hractecles which occur on an ultimate 
pedicel, os in many Leguminofl|9. In Monocotyledons there is usually 
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a single bracteole, while in manf Dicotyledons there are two ; in the 
former case the anterior sur&ice of the bracteole is directed towards the 
primary axis from which Abe flower is produced^ in the latter the two 
brocteoles are lateral or dl^ue to the axis. 

As a general rule^^^ ramifications of inflorescence arise in 
the axils of bracts; but ibbe bracts are spmetimes regularly abor- 
tive, as in the Crudferm. On the other hand, we sometimes &n4 
the lower port of the inflorescence crowded with bracts with empty 
axils. ^ 

Spathe. — ^In many plants the bract subtending the whole inflo- 
rescence or its principal branches is large, and forms a kind of 
slii^th, called a spathe. Sometimes this surrounds only one flower, 
as in some Daffodil^ Ac., where it is of membranous tefiicture ; the 
membranous spathe of the Onion and its allies encloses a dense 
inflorescence ; in the Aracem (fig. 133) it is still more developed, 
and sometimes, of peialoid structure, as iu the so-called Trumpet- 
lily {llichardia 'cB(hiopiea\ where it encloses the club-like inflores- 
cence ; while in tfie Palms (fig. 134) it assumes enormous dimen- 
sions and a leaf-like or even fibrous texture, forming a sheath to a 
large and greatly ramified inflorescence. 

Involucre. — In other cases, several bracts are collected together, 
forming a whorl or densely packe^spire, called an involucre. The 
DrabelSferaj have frequently verticillate involucres at fhe base of 
the umbels, and sometimes secondary whorls or involimls at the 
base of the secondary umbels (fig. 140). In the Compbsitee also, 
where the flowers are crowded on a common receptacle, the bracts 
form an involucre (figs. 141-146) ; smaller scale-like bincts occur- 
ring among the florets of these capitiila are called palece (figs. 145 
A 146). Other examples of involucre are famished by the eupules 
of the Oak, Beech, Filbert, Ac., wherein the bracts are united or 
not disconnected at the base ; also by the outer ghtmes or scales of 
the spikelets of Grasses. 

Forms of Inflorescence. — ^The different forms of the Inflo- 
rescence are divisible into two classes: — 1, the indefinite^ where 
the terminal bud of the main or pripiary axis does not form a 
flower, the flowers being borne on secondary lateral branches, 
which are as a rule smaller and weaker than the main axis ; and, 2, 
the definite^ where the primary axes either bear terminal flower- 
buds, while the succeeding flowers sprii^ from secondary ciliary 
branches produced lower down, and subsequently to the terminal 
bud, or branch in a forked manner without producing a flower 
in the centre of the fork. The secondary branches are here as 
strong or stronger than the main axi|. The forking is not neees- 
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ftarily a trae dichotomy^ bat may apparently be so owing to the 
abortion of the terminal bud. 

Examples of the indefinite form are seen ihe Cmciferse, especially 
the Wallflower, where a few flowers at first %^ar in a tnft, while the 
8eed-T6Mels are afterwards wide apart on an e]||^{ated raceme, the upper- 
most being, the youngest. In, the Foxglove and similar plants we may 
produce a teiy long development of the indefinite structure by picking 
off thedower flowers as they wither, when, as no seed is formed, the in- 
definite^terminal bud retains^ts eneigy, anq continues to lengthen until 
the plant is exhausted. On the other hand we observe, in the Sweet- 
WilBamf the Elder, imd the Hydrangea^^^ centre flower of a tuft opens 
first, and the definite inflorescence becomes wider and wider, but never 
elongates or glows out in the centre. 



Fig. 132. Bpike of Vethma offleinaU9. Fig. 184, Compound spadix and spatbo of a Palm. 

Fig. 1^. Spadix and apathe of CaUa, Fig. 186. Compound spike, ivith spikelets, of ZoUaifi* 


When an indefinite inflorescence is elongated the lowermost 
flowers open first, while if it Be of aflat-topped or crowded character, 
the outermost flowers open first and the central ones last, as in 
the capitula of the Composite. Hence the indefinite forms of 
inflorescence are sometimes ddled cdhtrijpetal or progressive^ and the 
definite centrifugal or riegrhsi&s. 

There is an exception to the ordinary re^lariiy in the capitula of 
Dipsacus (Teazel), where the florets open first halfway up, and then 
proceed both cenmpetally aind (^ntrifugally^ 
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Forms of Indefinite Infiorescence. — Of the Indefinite Infiores- 
cence the following are the most important forms : — ^the spike^ the 
mceme^ the corymb^ the mnhel, and the capitvdum. 

Spike. — ^The spike is a long simple axis or raehis bearing sessile 
flowers, either standing at intervals, as in the Vervain (fig., 182 ), 
or crowded, as in the common Plantain and many Sedges. 


Several modifications of the spike have distinct namea When 
the raehis bears large, persistent, imbricated bract-scales, it forms 
a comB or strobile^ as in the Firs and Pines. When it is thick and 

" 8S itnbedded in .it, the 
Araeeee furnish examples 


fleshy, with the flowers more or 1( 
term spadix is applied, of which the 
(fig. li'JS) ; the same term is con- 
veniently retained when this fleshy dxis is 
branidiod, as in the Palms (tig. ]»S4). The 
so-called spikes of many Grasses, such as 
Wheat, Barley, Itye-grass (fig. 186), Cat’s- 
iail-grass, &c., are also compound spikes, 
since in place of single flowers the raehis 
hears spikeleta or short axes with several 
sessile flowers. The term catkin (amentum) 
is applied to the pendent, often caducous, 
spike-like inflorescence of the Willow, 
Poplar, Birch (fig. 180), and the male in- 
florescence of the Oak, Filbert, Chestnut, 
&c . ) in these the bracts have sometimes 
WM?, sometimes several flowers in their 
axils. The flowers in catkins are usually 
unisexual. 


Fig. 130. 



Male and female catkins 
of the Birsh. 


Baceme. — The racenijd differs from the spike in having the 
flowers distinctly stalked, the main raehis being uubranched, as 
in the Hyacinth, Ac. - 

Corymb. — The corymb is formed when the flowers originate as in the 
raceme, but the lower ones are. raised on longer stalks than the upper 
ones, so as to bring them all nearly on a level, as in Omithogedum 
(fig. 137), &c. 

As already noticed, a corymbose inflorescence sometimes grows out 
into a raceme while the fruits are ripening, as is seen in many Oruciferm. 
The relation between the two forms, oi^ more properly, between the 
panicled and the corymbose state of the same inflorescence, is well seen 
in comparing a Cauliflower as fit for the table with the expanded in- 
florescence of the same plant when allowed to run to seed. 


Pamela. — K panicle is formed when the main lachis is more or 
less branched ; it is hence a series of racemes on a branched raehis. 
The term panicUd is often used in a general sense,* to signify a 
much-branched inflorescence, whether definite or indefinite. 




Umbellate infloreeoenoe of 
Bvtomvs umbellaha. 


Oompoand umbel of the Carrot 


Umbel. — ^The umbel is fomed by a number of single flowers 
borne on long stalks of nearly equal length arising from one point, 
as in the common Cheirry* the Cowslip, &c. In the family of Urn- 
bellifersB, so called from the prevalence of this inflorescence, the 
umbels are mostly 14 ^) > that is, the first *set of 

peduncles do not bear flowersy but secondary sets of radiating 
branches, forming umheUulee, or secondary utnbels. Inflorescences 
of this general character lure termed umbellate even when definite. 


80 


MOEPHOLOGT, OR OOIIJ^AEATITIS AKATOMT. 


Umbela usually have an involucre at the base of the radii, as noted 
above. The simple umbels of the Onion group aro originally enclosed in 
a membranous spathe. 

Capitalom or Head. — ^The capitulum is mostly formed by the 
nmhis expanding into a thickened mass, surrounded by an involucre 
of overlapping bracts, presenting a convex, fiat, or concave surface 
{common receptacle)^ upon which are crowded a great number of 
sessile flowers, as in jthe families of Compositie and Sipsacem 
(figs. JL41- 146). In the CompoaitaD there are often; little mem- 


¥ig. 141. 


Fig. 142. 


Pig. 143. ‘ Fig. 144. 



Fig. 145. Section of a onnitulum of a Composite plant with pales at.the base of the central 
tabular and oi the maivinal ligulate florets. 

Fig. 145. Beetionof aa empty o^>iUiltim of a OmnpdMte plant with a paleaceous receptacle. 


branous bracts (palete) at the outside of each flower (figs. 145, 146) ,* 
in the Dipsacem each flower is surrounded by a cup4ike involucel 
(fig. 142). 

The flowers crowded together in the capitnla of Compositm are small 
and of various forms, so airanged as to give the whole the outward aspect 
of a single flower ,* hence this inflorescence was formerly called ^ compound 
fimoery and its involucre a common calyx. 
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The flowers in the capitula of the Compositss are called 
and different names are applied to this inflorescence, according to 
the mode of arrangement ot the florets. In the Daisy, we observe 
a yellow middle dish and a white or pinkish ray ; the disk is com- 
posed of florets different in character from the spreading florets 
of the ray (fig. 145). Some capitnla are wholly discoid^ such as 
those of Groundsel {Sendio vul(jaris\ of Thistle, Ac. ; others are 
wholly radiant^ such as those of the Dandelion, lettuce, Ac. 

It should be observed that cultivation tends to convert tubular florets 
into spreading ones, and so to obliterate the yellow disk or eye,” as we 
observe in the Dahlia, garden Daisy, Ac. 

Capitula of less marked character are found in other families, 
where, however, the involucre is wanting ; for example, the flowers 
of Clover {Trifolkim) have a capitular arrangement, as also those 
of many Proteaceous plants {Baiiksia). In the Pig the peduncle 
or common receptacle is .fleshy and excavated (fig, 147), the 
flowers being inside and developed centrifugally ; in Dorstenia 
(fig. 148) the receptacle is flat or slightly concave on the top, 
while in Artocarjfms ^d other cases the flowers are on the outside 
of a convex peduncle. These forms of inflorescence are only slight 
modifications of the capitulum. Such inflprescences must not be 
confounded with the concaN e top of the flower-stalk enclosing the 
carpels of a single flower, as in the Kose. 


Fig. 147. 


Fig. 149. 



riff. 147. Inflorescence of the Fig ; the flowers inside the excavated fleshy reoeptadc. 
Piff. 148. Inflorescence of DorsUnia; the flowers imbedded in the fleshy receptacle. 
Fig. 140. Compound umbellate spike inflorescence of JHgitaria, 


Forma of Definite Inflorescence.— The forms of definite inflores- 
cence are also termed the term cyww (fig. 150) being 

very general in its application ; for it is used in reference to a 
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number of forms more or less resembling outwardly the raceme, 
corymb, and others of the indefinite type, but all agreeing in 


Fig. 160. 



Diohasiam or dichaaial cjma of CeroBtium. 


Fig. 161. 



Scorpioid cyme ol JUjfotoHB pcUuBfrit. 


producing a primary terminal flower on each shoot, and con- 
tinuing the subsequent evolution by secondary axillary develop- 
ment, the development of the lateral shoots being thus more vigor- 
ous than that of the primary shoot. 

The loose cymose inflorescence of many Caryophyllacess illustrates the 
definite mode of growth very clearly ; the primary axis terminates in a 
flower (flgs. 160, 162), then branches arise in the axils of a pair of bracts 
lower down ; these branches repeat the process, and their branches again, 
until the flowering shoot is exhausted. 

Cymose inflorescences admit of division into two principal 
groups, according as they are mompodial or sympodial (see ante, 
p. 39). 

Uonopodial Cymes. — Each branch of the inflorescence is here 
terminated by a primary flower (fig. 152, i), below which are deve- 
loped two or more secondary flowei^stalks, one on each side, and 
each in its turn surmounted by a flower (fig. 162, ii, m, iv). The 
simplest form of this is the dkhasiumifigs, 150, 152), the cyme hipare 
of the French. There is no true dichotomy in such instances, the 
appearance of such being due to the superior development of the 
si(k branches as compared with that of the terminal one. 

Sympodial Cymes. — These may be called unilateral, as in them 
the secondary branches of the same degree are developed on one side 
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only: thus the primary flower-strik or axis ends in a flower: 
beneath this arise not two branches, one on either side, as in a 
dichasium, but one only, this one being terminated by a flower like 
the primary branch and giving off a tertiary branch as before 
(fig. 153). The flower-stalks here appear to be opposite to the 

Fig. 152. • 



Fig. 154. 


If III !V 1 Bl 1 lU ff 



Fiffi. ISa-lM. DiapumB illnitrating the oentrifhgal development of ojmoee infloreseenoef. 

Fig. 162 A globoM dichaeial cjme; flg, 16S a mnpodial worpioid ayme, the dotted linee 
indioate the ai^reiBed braoehee; flg. a oorymboee qyine. One of the lateral 
branohes at Illiii abortive. 

bracts ; but the bract in this case belongs not to the flower-stalk 
immediately opposite to it, which is a primary formation, but to the 
secondary flower-stalk which springs its axil. . 

The subsidia^ floweivetalks aro sometimes developed all on the same 
side when the inflorescence becomes curled from the greater growth on 
one side than on the other. Such cymes are called acorpioid cymes (fig. 
161). At other times the subsidiary pedicels or flower-stalks are de- 
veloped alternately, first on one side and then on the other, when the in- 
florescence has a zi^aff shape. When the main rachis is a sympode (p. 39), 
and the flowers, instead of being all on one or on two opposite sides, are dis- 
posed spirally, the term helieovl cyme is given. In these forms of cyme one 
of a pair of peduncles is generally syE^matically suppressed, and this 
happens successively on one side of the main rachis of the inflorescence, or, 
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as has been said, alternately, now on this side, now on that. This main 
rachis is therefore not formed by one continuously growing shoot, but by 
a succession of shoots of diiierent generations placed one over the other 
in definite order, thus forming a sympode (see antCy p. *19). In this manner 
we may have 6picate or racemose sympodial cyvms closely resembling, on 
a superficial inspection, spikes or racemes. If the bracts are present the 
true nature of the inflorescence is apparent, because in that case the pe- 
duncles are on the ojyposite side of the axis to the hracts, as inllelianthenmm. 
It often happens, however, in these cases that the bracts are wholly 
wanting, as in Boraginacete, in which the scorpioid cyme has been attri- 
buted to repeated forking of the growing point ; but the sympodial theory 
is the more probable. 

Forms of Cymes. — The form of the cyme is sometimes further 
indicated by such terms as a globose egmCy a linear cymey and 
so on. When the flowers are nearly sessile, forming a dense flat- 
topped bunch, such as we see in nie Sweet-William and other 
species of Dianthusy the term fasciculus is sometimes used. Where 
a cymose tuft of only a few flowers, crowded together in this way, 
occurs in the axil of an ordinary leaf, the inflorescence is sometimes 
called a glomefrulusy as in many of the Labiatro. 

Compoond Inflorescence. — Some plants, especially herbaceous 
perennials, have compound infloreseencey wherein the flowering region 
of the stem appears to be composed of a number of distinct inflores- 
cences arranged on a regular plan. The plan of the ramiflcatioii of 
the main axis may be the same as that of the individual inflorescence, 
as in the Umbelliferm, where both the ^primary and the secondary 
umbels unfold centripetally ; sometimes the separate inflorescences 
are arranged in a different form belonging to the same class, as in 
the case of the umbellate collection of spikes in certain^ Grasses 
{Digitariay flg. 149), &c. 

Mixed Inflorescence. — ^In other cases there is a mixed condition, 
since in many CompositsB the individual capitula are centripetally 
developed, while they succeed one another on the main stem in a 
centrifugal or cymose order ; in the Labiatas the cymose ^axillary 
glomerules (which, occurring opposite to each other, form verticil^ 
lasUrs or false whorls) are developed from below upwards, the main 
stem being indefinite, and they are often crowded together above 
so as to form a kind of compound spike. 

The general facta of the morpholep of the different forms of inflo- 
rescence are thus seen to be conformable to the laws ruling the develop- 
ment and ramifleation of the stem, as already explained. 

The different modes of inflorescences often pass one into the other, and 
such inflorescence as scorpioid cymes may originate either in the manner 
above described, or, very rarely, by direct forking of the growing point 
[Warming]. The difference between a dichotomy of the growing point 
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and lateral ramification is not fundamental; and, again, where true dicho- 
tomy exists it is rare for the two divisions to ^ developed in the same 
manner. In some scorpioid cymes one division becomes a flower-bud, 
the other repeats the ramiflcation of the axis. 


Modiflications of the Inflorescence. — ^In certain cases we have 
the normal condition of t he ijiflorescence greatly disguised, as in 
foliaceoxis peduncles, and* in cases of what is called fasciation, as 
also where the flower-stalks are apparently removed from their 
usual place by adhesion of various kinds and degrees. 

In many kinds of Cactm, as 


Fig. 156. 


Fig. 166.- 

already noticed (p. 38), the stem 
assumes more or less the outward 
aspect of a leaf; and when a 
flower springs from such a stem, 
it looks like an abnormal growth ; 
but it is really produced from 
the terminal or axillary bud of 
an alor'ive branch. In the 
Butcher's-broom (Kuseus, fig. 

155) the single branches or pe- 
duncles are flat leaf-like plates, 
and bear the flowers in the axils 
of little scales or reduced leaves 
which arise ^n the upper surface, 
seemingly from the midrib, of a 
leaf ; but these foliaceous pediin- 
cle>s grow from the axils of scale- 
like leaves (fig. 155 *), In Xylophylla (fig. 156) we find a compound 
foliaceous peduncle, consisting of a large leaf-like branch bearing 
numerous flowers on its margins, arising there in the axilr of bracts. 



Fig. 155. Folioceona pt^unolea of Mutcw 
uculealw. 

Fig. 150. Foliaceous flowering branch of 
XylophjfUa, 


Fasdatim is usually an abnormal condition, coi^isting of the develop* 
ment of a largo number of buds in close approximation, and the conse- 
quent congenital fusion of a number of peduncles (or in some cases leafy 
riioots) into a solid mass, bearing the flowers on the borders. It produces 
the crest-like condition of the flower-stalk of the garden Cockscomb; and 
converts a paniculate inflorescence into a ribbon-like axis. 

Adhesion^ at want of separatien of the peduncle from the leaf or bract, 
produces an appearance as if the flower sprang from the latter, as in the 
case of the Lime-tree. A similar union or, rather, lack of separation 
between the flower-stalk and the branch, the former being in such cases 
often raised above its normal level by the growth of the latter, produces 
extraaadUary inflorescence, as in some sjpecies^ of Solanum, Where the 
inflorescence is placed oj^site to a leaf, as in the case of the Vine, 
&c., the inflorescence is in reality terminal (m may readily be seen 
in the young state) ; but as growth goes on it bends downwards inta 
nearly a horizontal position, while the axillary bud next beneath it deve* 
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lop8 into a slioot which assumes a yertical direction, thus occupying the 
position of the inflorescence. Such brandies are called by French Ibotanists 
usurping branches. In a few cases absolute partitim of grcmng point 
has been observed — one division forming a tendril or an inflorescence, the 
other forming a new vegetative axis, as in Vitis vulpina observed by 
Warming. 

Duration. — ^The inflorescence, lik6 the leaf, varies in its duration. 
The staminal catkins of the Amentacese, such as the Oak, Hazel, 
Poplar, (fee., fall ofE as soon as the pollen is discharged from the 
stamens, and they are called caducous. In many cases the inflo- 
rescence, or the individual peduncles, separate by a disarticulation 
when the fruit is ripe, as in the Apple, Cherry, ; the term de^ 
ciduous is then applied. In the Bose we observe the dried-up fruit 
long remaining, like the cones of Firs, &c., after the seeds have 
become matured ; these are persistent. Sometimes the peduncles 
undergo expansion during the ripening of the seeds, so as to form 
part of the fruit ; such an infloreseence or peduncle is called ex^ 
crescent. The Fig, the Pine-apple, and other fruits are formed of 
excresemt inflorescences \ the Cashew-nut (Anacardium) has an 
excrescent pedumle. 

Characters afforded by the Inflorescence. — For descriptive pur- 
poses the inflorescence must be treated as the ramifications of 
the stem, noting also the number of tho flowers, their mode of 
expansion, and other peculiarities as explained in the foregoing 
sections. 


Sect. 7. The Floweb. 

The Flower, the characteristic reproductive apparatus of the 
higher plants, consists of no new elements superadded to the fun- 
damental organs of the vegetative regions, but is merely an assem- 
blage of these organs modified in certain essential particulars so as 
to fit them for exercising new functions. A flower is a modified 
shoot, in which the intemodes of the stem are seldom developed ; 
while the leaves, arranged according to the general phyllotactic 
laws, are more or less different in form and texture, and have'part of 
their tissues developed into more highly specialized products, dis- 
tinguished both in anatomical and physiological characters from 
those associated with vegetative leaves. 

The theoiy of the construction of the flower rests upon proofs derived 
from various sources, such as ien'atohgy^ or the study of exceptional 
growths. The strongest confirmation of the views arising out of the ob- 
servation of such cases is obtained by comparative morphology^ by the m- 
teinal etmeture^ and by ^e investigaitton of progressive devekpmetit^pT ** or^ 
ganogetty,'' which latter supplies a clue to the original ancestral form. 
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We maji in the first pktcei remark upon what is taught hy the study 
of development. Flowera are common in whidi the organs stand in 
regular circles, and in which the organs of each circle agree in colour, 
size, and so on,; but in many cases we find deviation from this regularity: 
the arrangement of the organs becomes changed, and the parts of parti- 
cular circles become more or less different among themselves — as, for ex- 
ample, in the fiowers of the Pea-tribe, of Labiatss, &o. But when we 
examine the buds of these *flowerB in a ve^ young state, we often, but 
not always, find the rudimentary organs regularly arranged, and. while in 
the state of cellukr panilke, peeing examy in all external cWacters. 
The subsequent irregularity is a result of special growth, for a special 
purpose, at a later epoch. In didynamous stamens, for example, the 
longer pair do not exceed the others until a late period of their oevelop- 
ment. 


Transitional Forms. — ^The original uniformify and homogeneity of 
the organs of flowers are not always so completely lost in the maturation 
of the structures, that the different seconuary types of organs, sepals, 
petals, &c. become entirely distinct. The study of comparative morpho- 


illustrating, in a veiy interesting manner, the doctrines of morphology. 

In Calycan(husJloridu6 and the Camellia the numerous pieces of the 
floral envelopes present a spiral arrangement, and it is impossible to find 
a distinct line of demarcation between the bracts, the calyx, and the 
corolla. In species of Qffnm BXiA.Euphot'hiayi\i& coloured bracts of the 
involucre assume quite the aspect of a coloured calyx or corolla. In the 
White Water-lily (Nymphoia)^ a transition between sepids and petals is 
seen in the s^ments of the calyx, which are green outside and petaloid 
internally, while we have perfectly petaloid sepals in many flowers, as m 
Aconites, Larkspurs, &c., and particularly in the showy bulbous Mono- 
cotyledons hommonly cultivated, e, g, the Lily {LUiuiri), Tulip, Crocus, 
&c. 

In the Wateivlily i^Nymphma) we observe a gradual transition between 
petals and stamens, the latter appearing first os petaloid plates, with anther- 
structure on the edges. In Canna it Is the ordinary rule for the stamen 
to he a kind of petal hearing an anther-lobe on one upper edge. A more 
or less expanded petaloid state of the filament is not unusual, and in the 
Mistletoe the stamens are fiat, leafy organs, with the pollen developed in 
the parenchyma of the inner face. 


The stamens and pistils heinc' so diametrically opposed in their physio- 
logical characters, we naturally do not expect to find any transition 
between these organs in normal flowers, though in monstrous develop- 
ments such transitions are freqilbnt. 


Teratology.— The study of Teratology, the interpretation of exceptional 

r wths hy reference to laws of development more or less interfered with 
externm agency, is very instructive in regard to Morphology. In the 
exceptional products of nature or, still more, of art, we find illustrations of 
almost every possible kind of the general proposition above mentioned. 

Phyllodj- — Cases are not ud^uenuy observed where the entire 
flower is replaced by a fascicle of green leaves, especially in the Alpine 
Strawberry. In wet seasons it is not uncommon to find flowers of the 
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White Clover with more or fewer of the organs modified in this way, the 
pistil, one or more of the stamens, &c. appearing in the form of green 
leaves, occasionally compound and temate, as on the stem belov.^ In the 
Double Cherry of gardens, the place of the pistil is often occupied by a 
pair of ^en leaves ; in the FraxineUa a circle of greon leaves nas been 
observed in the place of the ova^. 

Substitation and Metamorphoses. — Almost all nolypetalous flowers, 
and many gamopetalous, are capable of bein^ “ doubled ” by cultivation, 
that is to say, the number of petals mav be increased at the expense of the 
stamens, or of .those and the pistils. For example, the Wild Rose has 
but five petals, and many stamens and pistils, but in our garden Roses 
the numerous stamens and pistils are often altogether replaced -by petals. 
In many cases intermediately formed structures exist in such dmhle. 
flowers : in the double early Tulip, for example, we almost always find 
monstrous organs, half-petal and nmf-stamen, and even half-stamen and 
half-carpel ; the same may be obser^'ed in double Pinks and Carnations. 
The ovules have been seen bearing pollen, while it is fr^uent to find the* 
stamens bearing ovules. Illustrations obtained in this way might be 
multiplied ad infinitum* It should bo obser\'ed, however, that in double 
fiowers we frequently find not only all the essential organs replaced by 
petals, but an actual multiplication of the natural .number of organs, as in 
Roses, Camellias, double Daffodils, &c. 

Frolification* — In the last place, we may advert to the phenomena of 
the abnormal evolution of buds within the limits of flowers. Cultivated 
Itoses sometimes send out a leafy shoot from the centre (prolification), 
the terminal bud not becoming arrested as is natural; on Apples and 
Pears we occasionally see one or two leaves growing eut from the 
summit, from the same cause. In addition to this, the organs of the 
flower may assert their foliar nature by producing flower-buds in their 
axils^ like stem-leaves. This has been observed in the case of the petals 
of Celastnts scandens, and also of Clarkia elegans, and occurs sometimes 
in garden Roses*. 

These general observations will serve to show the essential homology of 
all the lateral organs of flowering plants with ordinary leaves, and more 
especially with the vaginal or leaf-scale portion of the leaves. The laws 
under which varieties of form &c. are produced within the limits of the 
flower all substantiate the same generm principles. 

Farts of the Flower. — The parts of flowers are : — the perianth, 
consisting of (1) the sepals, forming the calyx, (2) the petals, forming 
the corolla, and enclosing (3) the stamens, forming the andrcecium, 
and (4) the carpels, forming \he pistil orgynxcdum . That portion of the 
peduncle from which all these organs spring is called the receptacle or 
ikalamus; it seldom has the internodes much developed, but is more 
or less expanded horizontally. It is sometimes convex or conical and 
elongated, and sometimes concave. When it forms a flattened 

* A general review of these abnormal or unusual formations, and of the 
inferences that may be derived from them, is given in Dr. Masters’ * Vegetable 
Teratology.’ publiwed by the Ray Society. 
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surf^ above, its centre corresponds, of course, to the apex t and 
we may thus say that the above-named organs succeed each other 
from without inwards, or from below upwards. 

The accompanying diagram of the floral 
whorls (fig. 157) illustrates the theoretical con- 
struction of a perfect and symmetrical flower. 

Here the intemodes are iftia^ned to be deve- 
loped between the separate circles of the flower 
— an arrangement which does occasionally occur 
in nature, as in Capparids, Passion-flowers, &c. 

Anterior and Posterior portions of the 
Flower. — ^All axillary flowers arise in the 
angle between a bract or leaf and the stem ; 
from this is taken the rule as to the relative 
position of organs in describing flowers. 

The side of the flower next the stem is 
the V 2 )per or posterior part, that next the 
bract the anterior or lower ; and in the dia- 
grams or ground-plans used to represent 
the construction of flowers, it is impor- 
tant to mark the places of the axis and the 
bract, the former being represented behind 
by a. 0» the latter in front by an w or w— pimted by internodes. 
as in fig. 1^0. 

Where flowers are solitary and iermmal there is no proper back and front ; 
but in plans of these, the position of the last leaf or bract, and specially of 
the bracteoles, should be shown. If, with a flower of four sepals, there is 
a pair of bracteoles, the two lowermost sepals are antero-po8terior (fig. 107, 
p. 96 ) ; but if there are two pairs of bractlets, the two uppermost s^als 
are antero-posterior. When bracts are suppressed, as in the Cruci/ertey 
the position of the floral organs may bo determined by their relation to 
the parent stem. 

Arrangement of Farts. — The parts of flowers being phyllomes, 
their arrangement corresponds to that of stem-leaves. Sometimes 
they are truly whorled, while at other times, especially in the 
calyx and corolla, they are arranged in spiral cycles, and are 
developed successively on the ^ or f plan, but reduced into apparent 
whorls by the absence of iiiternodes. Such flowers are called 
pcyclic; and where some of the parts of the flower are arranged 
spirally and others in a verticillate manner, the term hemkyelic is 
given. 

In such a calyx os that of the Bose, the sepals axe imbricated on 
the f plan (figs. 158-160). In the ternary floral envelopes of mray 
Monocotyledons we find iUustrations of the ^ type. Sometimes the spiru 


Fig. 167* 
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arrangement is still more evident, especially where there exist great num- 
bers of a particular kind of orgw, as in the mixed petals and stamens of 
NymphiBa. and the multiple pistils of Ranunculus, Magnolia, &c. In Cu/y- 
eanthm all the organs follow on in a continuous spiral. 

In other cases the floral organs are developed nmuUaneoudy, when a 
true whorl is produced. 

Fig. 158. 


Rg. 169. 



Kg. 168. Ool^x of the Bose ; the numbers indicate the sequence of the sepals from without 
inwards, or from below upwards. 

Kg. 159. Section of the calyx of the Bose; the numbers as in the preceding figure. 

Number of Farts. — According to the number of parts in a cycle 
or apparent whorl, these are distinguished as dimerous or binary. 


Fig. 100. 
O 


Fig. 161. 



Fig. 160. Diagram of the*} qiiral arrangement cf the parts of theilosrer with bract and 
lateral bracteoles; O the situation of the axis. 

Kg. 101. Diagram or groimd-plan of the 8-merous flower of the Tulipt 
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irimemju or ternary (fig. 161)» te^meroua or quaternary^ and year 
tameroue or quinary (fig. 162). The ternary arrwgement is by far 
the most common in the Monocotyledons, the quinary in the Dico- 
tyledons. 

Most frequently the calyx and corolla have 
an equal number of parts ; the relaliTe num- 
ber of drgans is prone to increase in the stami- 
md circles, and still more frequently to dimin- 
ish in the carpellary whorl. 

Alternation or Superposition. — ^In the 

majority of eases we find the organs of 
each successive whorl developed alternately 
with, and not super- or anteposed to, those 
of the preceding circle. 

From this the whorls would appear to re- . 
semble the decusMiting whorls of true leaves, 
rather than regularly succeeding spiral cycles. 

Wo have seen that these decussating whorls are closely related to the 
spiral cycles (p. 48). Moreover we find in the very numerous cases of 
fiowers with the organs imbricated in the bud, that tho spiral arrangement 
is very evident, and the wjborled appearance presents itself only after the 
expansion of the flower."^ Now, it the. ^ or | cycles succeeded regularly, 
the organs of successive cycles should be superposed and not alternate, as 
indeed they sometimes ore, e. g. Sabta, A. de Jussieu has supposed that 
tho organs are arranged on the spiral ty^pe in all trimerous and penta- 
merous fiowers with imbricated aestivation. Inspection of the diagrams 
in a former page (46) will show with how little displacement the organs 
of such fiowers may be arranged on this type ,* and there is much proba- 
bility that the alternation of spirally arranged cycles results from some 
such cause, while the alternation of organs in fiowers with valvate assti- 
vation is referable to the same laws as the decussation of whorls of leaves. 
The exceptional case of opposition of organs will be explained presently. 

Typical Flower, — ^The typical flower in the diagrams (figs. 157, 
162) consists of four circles of organs equal in size and number of 
parts, and with the parts regularly alternating. A flower thus pre- 
senting all the whorls is cdled complete or eucyclic ; the organs 
in each circle being similar, it is regular ; and the number of organs 
in each circle being the same, it is moreover isomerous, 

Modifications. — Almost every kind of deviation and combination 
of deviations from this type are met with; but the modifications 
in the number, arrangement, and form of whorls or parts are refer- 
able to distinct causes, such as : — 1. Alteration of the number of 
circles, or of the numter of or^ns in the circles ; this may arise 
either from multiplication^ ehorisis, enation, or interposition, or from 
suppression or abortion of parts. 2. Union of the organs ; this 


Fig. 162. 
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may be merely coalescence of the margins of organs of the same 
whorls {cohemn), or confluence of normally distinct whorls (orf- 
Jiesion), These so-called unions are generally the consequence 
of arrest of development, owing to which, parts usually separate 
in the adult condition remain imeparate, 3. Unequal growth or 
degree of adhesion in the organs of pai^icular whorls, producing 
irregularity. 4. Irregular growth either of the receptacle, or pro- 
duction of outgrowths from various organs by enation. 5. Sub- 
stitution of one organ by another (metatnorphoais). 6. Superposi- 
tion^ whore parts usually alternate are placed opposite^ or, more 
correctly, are superposed the one to the other. 

I)r. A. Gray has furnished an interesting illustration of these laws of 
modification, from a family (Crassulacem) in which different kinds of 
deviation occur together with examples of very symmetrical flowers. In 
Crassula (fig. 102) is found a symmetrical pentamerous flower, with five 
sepals, five petals, five stamens, and five pistils, all regularly alternating, 
and only slightly confluent at the base. In TiUaa some species have four, 
some only three organs in each whorl, but the flowers are still regular and 
symmetncal. In Sedum (Stonecrops, &c.) the flowers of some species 
are pentamerous, those of others tetramerous ] but here the number of sta- 
mens is doubled by the introduction of an entirely now circle of these organs 
(muUiplicatim). RocJiea has the margins of its petals slightly coherent, 
while in Grammanthes the petals and sepals are respectively cohm'ent 
more than halfway up. Cotytedim has coherent envelopes, and a double 
series {mtUtiplication) of stamens as in Sedum, to which is added an ad* 
herence of the stamens to the tube of the corolla. In Penthorum the five 
styles are coherent firmly together below, while in some cases its petals 
are suppressed. In Sempei'vivum (Houseleek) the number of sepals, petals, 
and pistils varies in different species from six to twenty, and the stamens 
from twelve to forty. 

Fleiotaxy, or multiplication of the number of whorls, is very 
common, especially as regards the stamens. In the trimerous 
flowers of Liliacete and Amaryllidacese there are six stamens stand- 
ing in two circles of three, in the Poppy family the tetramerous 
circles are still more multiplied ; and in the Hose, Buttercup, &c. 
we have further examples. When the number exceeds three or four 
circles of one kind of organ, the organs are said to be indefinite in 
number, and the verticillate arrangement becomes very indistinct 
in the opened flower. In the White Water-lily {Nymphoea) we 
have multiplication both of petaline and staminal circles ; and in 
Magnolia, Ranunculus, &c. the pistils are much multiplied, exhibit- 
ing in these a distinctly spiral arrangement. 

Multiplication of circles occurs abnormally in the dotible flowers of 
gardens, in which we often find far more organs than exist in the normal 
state, as in Daffodils and other flowers where the organs are naturally few 
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in number. The multiplication in this case is often due to traimerie chorim^ 
the parts being superposed to each other. Each part so aftected divides 
in a direction pai^el to its surfaces into two or more parts. If the 
supernumerary part is an outgrowth from an already formed organ it is 
sold to be formed by enation, , 

Pleiomery, or multiplication of the organs in particular whorls, 
occurs in a number of flowers, and depends on different causes. 
Sometimes the multiplication is effected by collateral chorisisy or divi- 
sion at right angles to the surfaces, a pair of stamens, for example, 
standing in place of one ; in other cases the organ is divided pardlel 
with the Surfaces into an inner and outer part or into a fasciculus of 
organs. The cases of collateral chorisis are explained by the circum- 
stance that the staminal leaf, in these cases, as in an ordinary lobed 
or compound stem-leaf, becomes subdivided and forms a lobed or 
compound etamen. In some flowers (as in many Ericacea)) there are 
ten stamens in one whorl, while the sepals, petals, and carpels are 
pentamerous ; in these cases the five additional stamens are formed 
subsequently to the others. This mode of multiplication of parts 
is called interposition. 

Suppression, Abortion. — In describing the phenomena of dimi- 
nution of the number of circles or organs of flowers, it is convenient 
to distinguish between suppression or. total absence, and abortion or 
partial absence, w hen the organs are represented by imperfect or 
rudimentary" structures. 

A complete flower possesses a calyx and a corolla ; the corolla, 
and even the calyx also, are wanting in some flowers, which are 
termed incomplete ; when the corolla alone is wanting, the flower 
is apetalous; the term naked is occasionally applied to flowers 
without any floral envelopes. 

The term dichlamydeous, having calyx and corolla, monocMamydeouSf 
having calyx alone, and aeJUamydeouSi destitute of floral envelopes, are 
used by some systematic botanists in place of the above. These conditions 
ore not very secure bases for systematic divisions, since it is not upcommon 
to find apetalous plants in Orders having ordinarily complete flowers, as 
in the Oaryophyllaceas {Sayinay &c.) : the apetalous condition, however, 
is constant in a large number of Orders, and familiar examples occur 
in the Nettle family, the Chenopodiaceae, the Amaranths, &c. Achlamy- 
deous flowers occur in the Willows, CaUUriche, &c. Some flowers, then, 
are incomplete ly abortion, in which case they are degenerate conditions of 
a more perfect type, or they are incomplete by suppression, when they 
are typically of a relative low degree of organization. 

When essential organs (stamens and pistils) of both kinds are 
present, the flower called hermpphrodite or bisexual (this condi- 
tion is indicated by the sign ^). It must be remembered, how- 
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ever, that the term hermaphrodite is used in its morphological, not 
in its physiological significance, for many fiowers hermaphrodite 
in stru^ure are practically unisexual in function. In many plants 
one of the circles of essential organs is suppressed, so that a given 
fiower has only Stamens or only pistils ; such fiowers are termed 
uimexwd or diclinouB. ' The unisexual fiowers are called respec- 
tively staminiferous or male ( cf ), and piktilliferoue or female ( $ ). 
When fiowers of both kinds occur on the same plant, this is called 
moncecious (Oak, Birch, Vegetable Marrow, <&c.) ; when they are 
on distinct individuals, the plant is termed dioeciotis (Hop, Willow, 
Bryony, <fec.); when, as in some oases, the imperfectioh results 
from a kind of regular abortion rather than total suppression, and 
the same plant or species exhibits at once staminate, pistillate, and 
hermaphrodite fiowers, it is termed polygamous (Parietaria, many 
Palms, Maples, <&c.). Some plants bear neuter fiowers, desti- 
tute of both stamens and pistils : such is the case naturally with 
the outer fiorets of many Composites, and it is constantly seen in 
the garden Snowball ( Viburnum Opulus) and Hydrangea, 

The didinom or unisexual condition is often typical and hereditary in 
certain families, such as Amendferse, &c. ; but cases of diclinism occur 
not unfrequendy in exceptional genera of families the majority of whose 
genera are bisexual, as in Emeus among the Liliacem ; or in exceptional 
species (by abortion), as in Lychnis dioica ; sometimes it occurs by abor- 
tion in species normally possessed of perfect flowers, as in Asparagus, 

Arrangement of Parts. — ^The suppression of an entire circle 
renders a flower unsymmetrical ; for when the corolla is absent, 
we find the stamens commonly superposed to the segments of 
the preceding circle, as in Chenopodium; but this is in accord- 
ance with, the normal type, as the stamens should be superposed 
to the sepals, the intermediate petals (here suppressed) alter- 
nating with both. Not unfrequently we find abortive organs, 
such as sterile filaments or “ glands," of various kinds forming 
circles which restore the symmetry of apparently unsymmetric^ 
flowers. 

The cases of unsymmetrical condition^ arising from the superoosition of 
the organs of succeeding whorls are explained by some entirely by suppress 
sion or abortion \ others more correctly refer some of these cases to chorisis. 
In Geranium we find alternating with the petals five little glands which 
must be regarded as abortive stamens, since in the succeeding whorl the 
five stamens alternate with these and stand in front of the petals ; the 
five innermost and longer stamens, again, are superposed to the glands. 
In Erodium the outermost row is represented by glands, the second row 
by sterile filaments, and only five perfect stamens exist. Much the same 
conditions occur in the Linaceae. On the ground of such facts as these, 
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the BUperposilion of the stamens to the petals in Rhamnaceeo, the Vine^ 
&c. has been explained by supposing a circle of stamens to have b^n 
suppressed between the petals and the existing stamens. Several recent 
writers attribute the stamens of Bhamnacete to chorisis of the petals 
with suppression of the true stamens, extending ^e same explanation to 
Byttnenacesd and the Vine, where the true stamens are represented by 
sterile rudiments or glands ufjiJthin the existing stamens. In tne Primrose, 
according to Pfefier, the petals originate from the backs of the stamens, 
thoug[h in other cases it would seem that the stamen arises from the petal. 
InPrimulaceas the opposition of the stamens to the petals may, however, 
be a result of suppression ; form Samolm we find five lobes on the throat 
of the ccfrolla alternating with the petals, while Lysimackia cUiata has 
five sterile filaments in addition to five perfect stamens. 

Isomery, Anisomeiy. — Suppression or abortion of part of the 
organs of one or more circles is, as has been said, a very common 
cause of want of symmetry. This occurs by far most frequently 
in the carpellary circles, as might he expected from the organs 
being crowded on the point of the receptacle (multiplication of 
carpels occurring, on the other hand, where the receptacle is un- 
usually developed) ; the stamens exhibit it not unfrequently ; and 
it is observed also in the petaline whorl, and even in the calyx. 

Symmetrical flowers maybe either dimerous, trimerous, tehmnerous, 
or pentamerous throughout; and when the organs are equal in all the 
circles the fipwers are isomerom^ if not so they are anuomeromx thus 
we have isomerous dimerous flowers in Oirc€ea (fig. 16S) and Syringa 
(fig. 164), isomerous pentamerous flowers in Cramda (fig. 162), before 


Pig. 103. Pig. 164. Pig. 166. 



Pig. 16S.^Groniid<plan of the S^meroas flower of CSrm»«: * Mpretento the bnct. 

Fig. 164. Groand-plan of the Lilac, with S-merous oiroles: x. the bract; a, a. bracteolee. 
Fig. 166. Ground-plan of a labiate Sower, with didynamooc •tonienc; the poeterior one 
(dotted) auppreiced. 

referred to ; but, generally speaking, one or other of the whorls exhibits 
partial suppression. 

It is rare to find the sepals partiaUy suppressed : perhaps' we may con- 
sider this to be the case as regards the limb of the sepals in such iiutapces 
as pappus of Bidem, The corolla exhibits partial suppression in some 
Legummosae, where, although the plan of the flowers of the order is 
pentamerous, in Amorpha only one petal exists ; a transition towards 
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this occurs in other genera of the order, where, indeed, the four petals 
here suppressed are generally considerably smaller.^ In the Larkspurs 
(Ddphimum) one pettd is constantly suppressed, while the others are of 
irregular form ; and in Aconite three out of the five petals are inconstant 
in their occurrence, being, even when present, mere petaloid scales. 

The stamens are mostly UomeronSf with either one, two, or more whorls^ 
when the fioral envelopes are regular, although there are well-known 
exceptions to this. The suppression or partial abortion of some of the 
stamens is most common where the fiowers are irregular. This sup- 
pression is well seen in 'the irregular monopetalous Orders, where we find 
curiously graduated illustrations of the phenomenon. Thus, in the Scro- 
phulariacem, belonging to the pentamerous type, there are usually but four 
stamens, but Vei*hascum has the fifth (not always fertile) ; PerUsfemon has 
four perfect stamens and a sterile filament ; and in Scrophularia the fifth is 
represented by a scale in the upperside of the corolla. In Veronica three 
are suppressed, and only two remain. In the Lobiatae (fig. 166), again, 
one stamen is ordinarily suppressed ; not unfrequently two of these appear 
as sterile filaments ; and in Salvia, Monarda, and other genera only two 
stamens exist. 

Eitlier multiplication or suppremon is almost the rule in the carpellary 
circle, the isomerous condition bemg rather the exertion. Six carpels, 
or a double circle, occur in the 3-morous flowers of Triglochin (fig. 166) ; 
and we have mentioned the occurrence of five carpels in the pentamerous 
fiowers of Crasmla and Sedum ; in the nearly allied" Saxiiragncefe the 
carpels are usually reduced to two. In Araliaceae, Aralia has five car- 
pels, difierent species of Panax three and two, wliile in the allied order 

Fig. 166. Rg. 107. 



Fi({. 166. .3*m«rouB flower of Trigloehin mariHmum^ with six carpels; x represents the bract. 
Fig. 167. Gronnd-plan of Epimedium, with 2>inerous circles and a solitary carpel ; a, a are the 
bracteoles of the pedicel. 

Umbelliferse the number 2 is universal in the carpellaiy circle, although 
all the other circles remain pentamerous. In Rosacese we have almost 
every conceivable condition; for while multiplication takes place to a 
great extent in Rosa, Fragaria, and allied genera, the normal nye carpels 
occur in Spirofa and the Pomaceous suborder; in Agrimonia the numher 
is reduced to two ; Sanguisorba has two or one ; while in the Drupaceous 
suborder, in Prmm &c., only one carpel regularly exists, a condition 
which is the rule throughout the related extensive pentamerous order 
L(^umino888. In Ranunculacem the number of carpels varies much. In 
Berberidees the outer circles are 2-merous and the carpel is solitary 
(fig. 107). Suppression of a portion of the carpels is almost constantly 
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found in the monopetalous Orders, where we seldom have more than 
two. 

Suppression of organs becomes exceedingly striking when associated 
with suppression of entire whorls. Thus in CaUUrime the floral enve- 
lopes are wanting, and while the pistil indicates the tetramerous type, 
three stamens are suppressed, so that the perfect flowers consist of one 
stamen and one pistil, and the imperfect flowers often met with are com- 
, posed respectively of a stamen and a pistil. The latter condition occurs 
also in the greatly reduced flowers of our native species of Euphorbia, in 
which the involucre encloses one naked female flower, consisting simply 
of a pistil^ and a number of naked male flowers reduced to the condition 
of a single stamen (see Euphorbiaceee). • 

A curious kind of regular suppression, not interfering with symmetry, 
is sometimes met with, where the typical pentamerous condition is re- 
placed by the tetramerous, either in flowers of the same plant or on different 
individuals of the same species. Thus, in Eata, in some species of Sedum, 
and some Almwtt, the flowers have the organs sometimes in circles of 
lives and sometimes in circles of fours, without any other accompanying 
deviations from the character of the species. 

Congenital Union or Inseparation. — ^Union of the organs of the 
flower consists either in cohasion of the parts of a whorl with their 
fellows, or in adhesior^.oi organs of one whorl to those of another. 
Both occur in almost every possible degree. It must be borne in 
mind, however, that these terms are often applied to cases wherein 
there has really been no union of previously disunited organs, but 
a want of separation between parts originally uniform, but which 
in other cases become in process of growth disjoined. 

Cohesion occurs iu the calyx, producing what is called a gamosepalom 
or synsepaUms calyx ; also in the corolla rather less frequently, forming 
a yamopetahus ot' sympetalous corolla. With these terms are contrasted 
polysepalotts and polypetahus (or dialy^s/ep-psiaUms)y used to indicate that 
the sepals and petals are distinct, ue. not coherent. 

In the Vine the petals cohere above, while they are distinct below, 
and the flower opens by the separation of the corolla from the receptacle ; 
the sepals of Eschschol&ia are entirely coherent, and fall off like a cap. 

Union is less common among the stamps ; but in some Orders they 
are coherent by their filaments into one piece (monadelphmts), in others 
into two or more parcels (dtadelphous). Such cases aie usually due to a 
branching or lobing of the primfOy staminal leaved, and not to any real 
union of previously disconnected parts. Other plants have the anthers 
coherent (syngenestous), while the maments are free \ and in some diclinous 
flowers the stamens are united into a kind of column. 

The carpels exhibit every degree of confluence, from a slight coherence 
at the base to a Arm union by their sides, complete confluence of the 
ovary with the styles free, confluence of ovaries and styles in part or 
entirely with free stigmas, and complete confluence of ovaries, stylm, and 
stigmas. In Asclraiidacen we have confluence of the styles, while the 
ovai'ian portions of the carpels are only slightly coherent. 


H 
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The details regarding^ coherenoe will be treated of more convenientlj 
in the chapters on the separate organs. 

Adhesion may exist between the inner and outer circles of the 
floral envelopes, between petals and stamens, and between stamens 
and pistils, also between calyx, corolla and stamens with pistil 
free ; or the calyx, corolla, and stamens may all adhere to the pistil. 
No case is known of adhesion of the three inner circles with a free 
calyx. 

What is commonly termed adhesimiBy as before explained, more strictly 
want of separation between parts which ordinarily become detached one 
from the other during growth. 

Insertion. — The point of emergence of an organ is inappropri- 
ately called its insertion ; and when an organ is not adherent to 
any other circle, but emerges directly from the receptacle, it is said 
to be free. 

When the outer organs spring from the receptacle, they are called 
hypogynom (fig. KIB), signifying below the pistil ; if the stamens appear 
to adhere to the free tube of the calyx or corolla, they are said to be 



Pig. 168. Hypogynons flower of Banunculut, in section. 
Pig. 169. FerigynouB flower of PrunvM^ in section. 


perigynous (flg. 160); while if the tube of the calyx or receptacle is 
carried up and adherent to the sides of the pistil, the stamens become 
apparently inserted on the top of the ovary, and are then called epigxpvms 
(lig. 170). 

Some other terms are used in reference to the insertion of the petals 
and stamens: thus. ihokm^Urral^ or emerging from the receptacle, is 
synonymous with nypogynous (fig. 168); calycifloralj indicating emer- 
gence from the throat of the calyx, may agree with either the perigynous 
(fig. 169) or epigynous (fig. 170) conditions ; while eoroUifiord, emer- 
gence from the tube of the corolla, is a form of the perigynous insertion. 

The terms inferior and mpetior are occasionally applied to the calyx, 
according as it is free (fig. 168) or adherent (fig. 170) to the pistil all the 
way up; occasiopally it is half-superior [Saxifragaj fig. 171). The same 
terms are also applied to the jdstu in the reversed sense to indicate the 
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^me conditions : i. e. when the calyx is inferior, the free ovary is supe- 
rior, and vice versd. 

The terms perimfnomf &c., and calycMoraly «&c. are in constant use and 
very convenient, out they may convey false notions as to actual structure, 
in the pengynous flowers of Rosaceec, for example, such as those of 
Fragariay Geum^ &c., the stamens really rise from an expansion of the 
receptacle, forming the so-cslled throat of the calyx, and in Rosay Pyme 
(flg. 172), and other similar forms the carpels are really enclosed in an 
excavated receptacle or receptacular tuhcy from the upper edge of which 
sepals, petals, and stamens arise. In these cases the receptacle instead 
of lengthening into a conical extremity becomes tubular. 


Fig. 170. 



Fig. 170. EpigjSoas flower of an Umbeilifer in lection; pistil completely inferior. 

Fig. 171. Flower of Saxifrage in section, with a partially adherent calyx and half-superior 
pistil. 

Fig. 172. Flower of iVnw in section ; pistil inferior, calyx superior, corolla superior, stamens 
perigynouB. 


The adherence of stamens to pistils produces what is called the gynan- 
drme condition, so remarkable a character of the Orchidaceee and Ascle- 
piadacesB. 

Irregnlar growth. — ^Irregularity of flowers arising from unequal 
sizCy different /erwi, or unequal degree of of the organs 

or whorls is extremely common. l)ifferent form and size produce 
irregularity in the floral enw^lopes and stamens, of many plants 
where these are free ; and this is often associated 'with irregularitv 
arising from suppression. The irregular union occurs alone, or is 
superadded to all the rest when the organs are coherent ; this con- 
dition is oftenest found in the floral envelopes, in the stamens less 
frequently, and in the pistils perhaps not at all. 

Irregular polypetalous flowers illustrating this point present themselves 
in Papilionaceous plants, in FumariaceaB, Yiolacem, &c. ; irregular poly- 
sepalous calyces occur in Acmitum, De^inium, &c. Stamens ore gene- 
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rally alike in the same circle ; but in didymmom stamens (two lonj? aud 
two short) there is an exception to this. Irregular gamosepalous calyces 
and irrcgular gainopetalous corollas are met with in endless variety of 
forms, in the majority of which there is a tendency of the component 
organs of a whorl to associate together in two groups, front and back, so 
as to produce a bilabiate condition, as in the corollas of most Labiates and 
ScropliiilariacesB. Unequal degree of union of stamens produces the 
diadelpkms condition of many Leguminosie, and the still more in*egular 
polyadelphous condition in the Orange. These points will be further 
explained in the next Sections. 

It may be repeated here, that the deviations from irregularity falling 
under this head almost universally arise during the development of the 
bud from its originally regular rudiments. 

Development of the Thalamus. — Most flowers have only very 
short OP contracted iiiternodos developed between the whorls ; that 
is to say, the receptacle or thalamus is usually not lengthened. 
Exceptions occur to this, however ; for in the Caper tribe we have 
long internodes between calyx, corolla, stain en, and pistil. 



Pig. 173. Sertion of h flower of SUene, with an interuode between the calyx (which is turned 
back) and the corolla. 

Si;* \li' of the Rose; the pistils seated in a hoUow receptacle. 

Plower of the Maple (^C0r),with the petels removed, showinir the ariswir 

fipom an hypogynoos « disk " or outgrfwth from the reoeptoole. 


In Ihanthua and Sil^ (fig. ITS") there is a short intemode between 
the cal^ and corolla, in Gentiana between the stamens and the pistil. 
IntheKose (fi^ 174) the receptacle is expanded into a cup, from the 
inner walls of which the carpels arise ; and in Nelumhium the carpels are 
immersed in a large fleshy receptacle. In many cases what is termed 
calyx-tuhe is in reality a tubular prolongation of the receptacle, from the 
edge of which the calyx, petals, and stamens arise. In the Paeony the 
receptacle is raised up into a kind of cup or << disk ” round the carpels^ in 
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P, MoiUan enclosing them all but tlie stigmas : the apparently inferior 
position of the ovary of Victoria depends ou the discoid development of 
the receptacle where the outer floral circles are inserted. A ring of 
similar nature, tree from the ovary, occurs in Alchemilla. Another con- 
dition exists in the Mignonette (fieseda), where the cup-like or annular 
development of the receptacle is inside the floral envelopes, and forms a 
support to the stamens surrounding the ovary. This form of the disk,’^ 
which occurs also in Acer (flg. 175), must not be confounded with those 
depending on the presence of perfect or imperfect whorls of abortive 
floral organs. The epigj'iious disk of Umbelliferie (fig. 170) and jdlicd 
orders is probably a development of the receptacle, since tne so-called 
adherent tube of the calyx is perhaps an excavated receptacle. In 
Circeea, and to a greater or less extent in other Onagracess, the epigynous 
process supporting the floral envelopes and stamens is prolonged into a 
tube above the inferior ovary, surrounding the long free style. Where 
organs are multiplied, we often find the thalamus lengthened into a 
conical or clavatehody, to give room for the insertion, as with the pistils 
of Ranunculm (fig. I<i8), FragariOy &c. In Geraniaceo) the 

receptacle is prolonged into a column in tiie centre of the confluent styles,* 
and the same occurs to less extent in Euphorbia, 

W^hen a circle of organs is removed from its predecessor by a 
sljilk-like iiitcriiode, it is called stipitate. The column supporting 
the carpels of Geranium (p. 143, flg. 276), or those of UmbelJifene, is 
termed a carpophore ; the stalk of the ovary of Gentiana is a ggno- 
phore ; a stalk above the corolla, supporting both stamens and pistils, 
as in Passioif-flovvers, is uffynandrophore. The form of the flower is 
dependent in many cases ou the ohliyuity of the receptacle, as in Lo- 
guininosa), Aconitum,^ Delphinium, and many other irregular flow*ers, 

Enation, Substitution, Superposition. — The modifications arising 
from enation have been already alluded to ; while those dependent 
on the substitution of one organ for another, as in many double 
flowers where the stamens are replaced by petals, demand only pas- 
sing notice. Superposition arises from various causes, as from the 
abortion or suppression of a part that should come between and 
alternate with the superposed parts, or it may arise from chorins 
or enation, or from true suptTpositiou of successive cycles, as in 
Sabia, and possibly by growth in the axil in the same way that a 
bud is axillary to a leaf. • 

Causes producing modifications, — ^Tbe modifications met with in the 
construction of flowers may be dependent upon arrest, exaltation, or per- 
version of growth or of development, either separately or in conjunction. 
Jly growth is meant mere increase in bulk, by development the progressive 
change in the form and structure of organs (metamorphosis) which takes 
place in the course of their passage from the initial to the adult sta^. By 
the action of the causes above mentioned, the parts of a plant vary in com- 
position (simple or divided leaves, &c.), number (increased or diminished), 
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arranpfement (spiral, opposite, or verticillate, &c.), freedora or union, form 
(regular or irregular), order of growth (consecutive, simultaneous, inter- 
calary, definite, indefinite or interrupted, congenital or postcongenital, &c.). 

These changes may he eongmital&TidL hereditary ^ and then common to all 
plants that have originated from a common ancestral type ; or acquired 
or adaptiosy when they have become manifest in order to fulfil certain 
special or individual requirements, or to put the plant in harmony with 
tne circumstances under which it has to Ifve. Thus the form, colour, 
and perfume of flowers are often in direct relation to the habits and 
structure of the insects which visit them for the sake of the honey, and 
whilst so engaged effect the fertilization of the flower in ways hereafter 
to be mentioned. It may thus bo said that the foi-m of the plant and its 
pai-ts is dependent, Ist, on hereditary endowment, and 2nd, on adaptation 
to the work it has to do, the means it has of doing it, and the circumstances 
under which it must be accomplished. Sometimes flrom causes only im- 
perfectly understood there is a reversion from a more complex or adult to a 
simpler or embryonic form, as when a petal or a stamen becomes leafy; 
and other cases of similar character may sometimes be explained hypo- 
thetically by assuming them to be reversions to an ancestral form. 

Diagrams, Floral formula. — ^For purposes of ready comparison, 
and to avoid lengthy descriptions, diagrams or plans and floral for- 
mulae arc made use of. 

A diagram is intended to show the number, arrangement, and relative po- 
sition of the parts of the flower. Thus, fig. 1G2, p. 91 , represents the diagram 
of a complete, regular, isbinerous, pentamerous fl ower. Ti g. l|t)l , p. 90, shows 
a trimerous flower, with the parts in regular alternation. Diagrams of this 
kind are spoken of as empinc when they represent the actudly existing 
state of the flower, while they are termed theoretical when the condition 
shown is that assumed or known to be the typic^al one, apart from the modi- 
fications brought about by abortion, chorisis, &c. Tims, fig. 105, p. 96, 
shows the usual condition in Labiates, where there are four stamens, the 
situation of the fifth, wliicli is abortive, being shown by the dotted circle. 

In place of diagrams floral formtdce are sometimes made use of. These 
are constructed in various ways according to the views of various authors, 
though it would be convenient if uniformity of practice could prevail in 
this matter. The following iUustratious will exemplify these lorfEulm ; 
thus a regular pentamerous eucyclic flower may be represented thus : — 

S6 P6 A6 G6; 

the S representing the calyx of five sejials, P the corolla of five petals, 
A the andrcBcium of five stamens, and G the gynmcium or pistil of five 
carpels, each whorl distinct from each other, and the parts of each indi- 
vidual whorl also distinct and free from cohesions or adhesions so-called. 
In the instance givi^n, the ppts are assumed to he all in their proper 
alternate position ; but this might he more clearly shown thus : — 

S6 A6 
P5 G6 

or more briefly thus : — 
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F 5* 


S A 
P G 

the F standing for flower. 

In order to indicate cohesion a line or a bracket over the letters may 
be used, and a similar line placed vertically by the side o£^ the letter may 
represent adhesion : thus the formula 

r5 = ® ^ ® 

I PA 

may be taken to represent the flower of a Primrose, in which the flve 
sepals are . coherent, the flve petals likewise coherent, the flve stamens 
free among themselves, but superposed and adherent to the corolla, and 
lastly the flve carpels coherent one with the other. The spiral or verti- 
cillate arrangements may also be indicated by similar devices, thus : — 

r\j S -J P 6 f\j A 00 G 5 


would indicate a calyx of five sepals arranged spirally on the f plan, a 
corolla of five petals verticillate, an andreeciiim of numerous stamens 
arranged spirally, and a gynsecium or pistil of five coherent carpels, the 
sign indicating a spiral arrangement, and the sign oo always indicating 
an indefinite number of parts or too many to be readily counted*. 


Sect. 8. The Flohal Envelopes oe Pebianth. 


Calyx and Corolla. — The floral envelopes of a typical flower 
consist of two circles of organs, forming the calt/.v and corolla. 
There is no fundamental difference between sepals and petals (the 
organs which compose these circles) ; and the only general defini- 
tion that can be given is, that the 
outer circle (or, if only one circle 
exists, that circle) is the calyx; 
the corolla consists of the second 
circle (or sometimes of additional 
circles) of foliar organs intervening 
between the calyx and the stamens. 

In some few cases the perianth or 
floral envelopes are entirely want- 
ing, as in many Aroids. • 

The above definition of the calyx 
is liable to exception in rare coses; 
for in the Malvacem, the Dipsacem, and some Rosacem the true calyx 



Oiijx wftli epioaljx. 

A. HihUeut (MalyaceiB). 

B. (Bosaoee). 


* For details relating to the morphology of the flower the student shoidd con- 
sult Eichler’s *Bluthendiagramme,’ Sachs’s Text-Book, and Masters’s * Vegetable 
Teratology.’ Reference should also be made to the account of the principal natu- 
ral orders in the following pages, wherein the general principles of morphology 
ore illustrated by reference to their particular application to different orders, 
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ia double, that is, a circle of smaller organs, resembling sepals, or a tubu- 
lar cup, stands outside the proper calyx, forniing what is called an 
epicalyx (tig. 170). The ambiguity in iliese cases is removed by the 
existence of a well-developed coloured corolla inside the calyx. 

The epicalyx of Malvacero, like that of Dipsacea), is perhaps to be 
regarded as an involucre of bracts. That of Potentilla (fig. 170, n) 
and allied genera is sometimes supposed to represent confluent lateral 
lobes or stipular appendages of the sepals. 

Perianth. — The terms perianth or perigone are used in a general 
, sense to signify all the floral envelopes, and are specially applied 
io instances where the distinctions between calyx and corolla are not 
apparent, e»g. when the sepals and petals are all petaloid, as in the 
Tulip, &c., and when they are all green and sepaloid, as in the 
Dock, &c. The words are also applied to the calyx in the Orders 
where it regularly exists alone, either in a sepaloid or petaloid con- 
dition, as in Daphne and the Monochlamydeous orders generally. 

JEstivation. — The arrangement of the floral envelopes in the bud, 
the (estivation or prcejloration, is a subject of great importance in 
systematic botany, as affording very regular characters in the ma- 
jority of the natural orders, 

Th« plans of mslivation given in illustrative works (fig. 177) are taken 
from horizontal sections oi* the bud just before it opens j and in cases 
wliero the sepals or petals are coherent below, the soclioii is supposed to 
pass through the free lobes of the limb. 

The cestivation of flower-buds agrees essentially with the verna- 
tion of ^eaf-buds (p. 72), especially as regards the folding of the 
individual organs ; the sepals and petals may be reclinate, condupli- 
cate, plicate, convolute, involute (a still further rolling-in rendernig 
this induplicate), revolute (in excess becoming reduplicate ) ; circinate 
as in the petals of Ilamamelis, and an additional case is found in 
Poppies and some other flowers, where the petals are irregularly 
crumpled-up, or corrugate, 

[Collectively the arrangement of the organs is either imJrricate, 
valvate, or open, Imbricute , — The varieties of this kind are best seen 
in whorls of five, which furnish four distinct forms of aBstivation, 
each being deducible from that which precedes it, by shifting the edge 
of one petal, as follows ; — 1. Quincuncial, or the ^ plan (fig. 177, A). 
2. Half-imhricate (B), which only differs from the last in that the 
4th part overlaps the 2nd. 3. Imbricate proper (C), in which the 
6th part overlaps the 3rd. 4. Convolute (D), in w hich the 3rd part 
overlaps the first. If convolute petals are twisted, they are called 
contorted, (fig. 177, F). In other words, the axis of a median line down 
each petal is erect in the simply convolute, but spiral in the con- 
torted. 
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Imbricated whorls with four or three parts are usually either 
imbricate proper or convolute. IVhorls with two parts are often 
efjuitavt (fig. 125), as are the petals of Poppies ; or half-equitanty 
as the sepals of Poppies, of which each part has one edge overlapping 
an edge of the other. These two conditions may be regarded as 
degraded forms of the imbricate proper and convolute respectively. 

A special form of the half-imbricate is seen in the aestivation of papi- 
lionaceous corollas (fig. 177, E), and is named vexillary^ from the posterior 
petal, which is called tlie vexUlumf or " standard.^’ The order of the petals is 
as follows The standard is No. 1 ; either keel-petal is No. 2 ; the wing- 
petal on the opposite side of the flower to the last is No. 3; the other 
wing No. 4 ; and the remaining keel-jpetal is No. 5. Thus No. 4 will be 
seen to overlap No. 2 (see figs. 191-193, p. 111). 

The festivation of the Snap-dragon {Antirrhinum majus) is called 
cochlear y but it is really half-iiubricate. 

When the organs are coherent at their margins they may become 
variously 'plaited or jdleatey the portions sometimes assuming the 
contorted charaefer, as in the corolla of the Ootivolvulus (fig. 177, II). 


Fig. 177. 

BOD 



Estivation of corollas. 

A. Qiiiiicunoiol. B. Half-imbricate. C. Imbricate. J). Convolute. (After G. Henrfow.) E. 
Vcxillaiy DBfltivation of the corolla of a Fui)iiionac'eous flower. F. Contorted mbtivation 
of the corolla of Malnt. G. Vtihdtc teativation of the oorolla of VUin. H. Plicate 
estivation of the corolla of Convolwlui. 

Valvate (estivation , — ^This kind of mstivation occurs when the mar- 
gins meet but do not overlap (fig. 177, G). If the margins of the 
organs are rolled inwards they are involute or indvplicate (fig. 127) ; 
if, on the other hand, they are rolled outwards, they are called 
revolute or reduplicate^ in both of which cases the rolled borders 
only are in contact, and not the absolute margins. 
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Open, — This is also called “ straight.” The parts of the whorl, 
usually the calyx, are so rudimentary or arrested in growth, that 
they do not even meet, as in the Umhelliferai^ Ruhiacece, &q. Hence 
this aestivation may be said to be indeterminate, — H. H.] 

The calyx and corolla may both have the same aestivation, or they may 
be diiTerent ; and their characters may hold good for all the species of a 
genus, as in Hypericum, in which the calyx is* quinciincial and the corolla 
contorted, or even for all the genera of an order, as of Malvaceae, in which 
the calyx is valvate and the corolla convolute or contorted ; but it is 
very common for a species to have several varieties in different individual 
flowers, even on the same plant. 

The direction of the spiral in imbricated aestivations is variable, 
often in the same plant : occasionally the direction changes in 
passing from the calyx to the corolla ; at other times it remains the 
same ; and this character is sometimes constant, in other cases very 
inconstant. In determining the direction of spirals, right-hand or 
left-hand, it is usual to suppose one’s self standing in the axis of 
the organ ; but many authors suppose themselves standing in front 
of it — for instance, in the place of the bract of a flower, which gives 
the exact opposite of the former; hence great confusion in the ap- 
plication of the terms dextrorse and sinistrorse. 

Calyx. — ^The calyx is the outermost circle of the floral envelopes. 
It is composed of phyllomes or modiflcations of leaves, c|illed sepals ; 
according as the sepals are distinct or coherent, the calyx is termed 
polysepalous (or dialysepaloiis)^ or monosepalous (or gamosepalous). 

l^he exceptions to the absolutely external position of the calyx have 
been jwinted out. 

The Sepals generally bear more or less resemblance to bracts, 
being attached by a broad base, seldom articulated, without any 
stalk, and of a green foliaceous texture ; not unfrequently, how- 
ever, their texture is of the coloured and delicate nature described 
as petaloid. I^hey are usually entire^ but the margins are some- 
times cut, as in the Bosq (flg. 1 58), and they are occasionally re- 
duced to scale-like, or even feathery or hair-like processes. They 
are likewise subject to the production of pouches, spurs, &c., es- 
pecially at the lower part, both when distinct and when coherent ; 
and the apex is often more or less prolonged into a point or spine. 
Their mode of venation is usually like that of the sheath of the leaf. 

Some confusion is liable to arise in the condition called a superior calyx, 
w'here the segments are totally free : if we suppose on adherent tube to 
exist below, such a calyx would be monosepalous; but the so-called 
calyx-tube is usually a cup-like receptacle, and the sepals originate or 
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become detached from the point where they appear to be inserted — for 
examploi in Rosaceae, UmbelliferaBi Oucurbitact'se, Composite, &c. 

Folysepalous Calyx. — In the polysepalous calyx, if the sepals 
are alike and symmetrically arranged, the calyx is regular ; if some 
of the sepals are larger than others {HeUanthemum^ Cheiranihus^ 
fig. 178) it becomes irregular; and this is still more the case 
when the sepals differ in form as well as size. Some of the most 
remarkable irregular forms of polysepalous calyx occur accom- 
panied by a petiUoid condition, as in Aconitum (hg. 179) and Del- 
lyhiniun/K 

The coloured calyces, both regular {Fuchda) and irregular, may be 
easily mistaken for corollas ; but they are known by their exterior posi- 
tion, and in some cases by the existence of a more or less perfect corolline 
circle within. 

Direction. — ^The direction of sepals (whether distinct or partially co- 
herent) is indicated by technical terms ; thus they may be e»*£fcf, conni- 
vent (the points turning in), divergent^ or even r^exed. 

Fig. 179, 



Fig. 170. Irregular polyacpolous oalyz of Cheirantkui, Two of the four sepals are dilated or 
** gibbous ” at the base. 

Fig. 179. Irregular polysepalous ooloured calyx of Aeoni/um JITapeBus. 

Fig. 180. Begiuar gamosepalous calyx of Silene 

Parts of a Gamosepalous Calyx. — When theaepals ore confluent 
or not separated, the gamoseoalous calyx (fig. 180) is usually de- 
scribed as a whole. The pan where the sepals are coherent or are 
still inseparate is the tu6e ; the upper boundary of this is the tA?’oat 
{faux ) ; and the free or spreading portion constitutes the limb — 
composed of lobes or teeth with intervening sinuses when the upper 
part of the sepals is more or less distinct ; entire when the sepals 
are so completely confluent that the compound nature is not indi- 
cated by any teeth or fissures at the free edge. 

It is necessaiy not to confound the recepteicular tube with the calyx-tube 
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proper. An investigation of tlie course of development will show the 
diderence between the two, and, generally speaking, tlie position of the 
petals and stamens ; if the latter are perigynoii»f it is probable that the 
tube below is receptacular. The venation and internal structure will also 
serve as guides in this matter, inasmuch as the receptacular tube contains 
not only its own vascuhir bundles, but those of two or more verticils of 
dowers, and which are derived from the primary ones by subdivision. 

Form, — The gamosepalous calyx is subject to the same kinds of 
modification as that in which the sepals are distinct. It is either 
regular or irregular. 

Of the regular kinds we find a large number which present forms ad- 
mitting of general technical names, such as tubular or cglindricalj cfup- 
i^haped, infundibulifarm or funnel-shaped, campanulate or bell-shaped, 
urceolate Avhen the tubular form is expanded below, turbinate or top- 
shaped when expanded above, inflated when the lateral view is oval or 
roundish with a narrow mouth (tig. 180), &c. In some species of Cam- 
panula there are regular appendages at the bottom of the sinuses between 
tlie teeth. In Primtda and some other genera the tubular calyx is an- 
gular or plaited. 

Calyces nearly resembling the above are rendered irregular either by a 
greater extent of disunion taking place between some of the ♦sepals, the 
intervening fissures being so much deeper than the others that the teeth 
become associated in two sets, giving a bilabiate condition (fig. 181)— or 
by irregularities at the base, where a shallow pouch rendera the calyx 
gibbous (fig. 178), a deeper one saccatcy and a long narrow pouch forms 
what is called a spur. In Pelargonium this spur adheres to 'the peduncle. 

In some instances a tubular development of the receptacle or flower- 
stalk simulates the spur of the calyx. « 


Fig. 182. Fig. 184. 



Fifr. 181. Bilabiate calyx of 

Fig. 182. Floret of Soilbiosa, the limb of the calyx replaced by briatlen (jMpput). 

Fig. 183. Fruit of CXcAortum, crowned by the persistent calyx represent^ by a circle of spines 
(pappua). 

Vig, 184. Bection of the persistent oalyz; enclosing the ripe capsule, oi Hyotoyamvs, 

The Pappus. — The free portion of the calyx of Composit®, Dip- 
sace®, and Valerianace® exhibits a very aberrant condition by 
appearing in the form of scales, bristles, or feathery or simple 
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hairs, constituting what is called the pappus (figs. 182, 183). In 
Centranthus the limb of the calyx is undeveloped when the fiower 
opens, but expands during the ripening of the fruit into a crown 
of feathered processes. It is doubtful whether the pappus is not 
in some cases a series of mere epidermal growths or tnchomes. 

Duration. — ^The duration of the calyx varies much. In the Papave- 
racese it is cadttcom^ falling off when the fiower opens ; if it falls with the 
corolla soon after fertilization of the ovules, it is deciduous ; very fre- 
quently it ia persistent during the ripening of the seeds, as in Labiatas, 
some SolanacesB (fig. 184), CompositSB (fig. 183), &c . ; the upper part 
sometimes separates by a circular slit, leaving the base, as in Datura 
Stramonium ; occasionally it grows during the maturation of the fruit, 
and is then accrescent^ forming in Physalis and Trifolium frayifernm^ for 
example, a vesicular envelope to the fruit. In the Marvel of Peru and 
other plants it is marcescenty remaining and growing into a firm envelope 
of the fruit. 

Further details i*especting the characters of the calyx ore given under 
the head of the Perianth, 

The Corolla. — The corolla is composed of all the leaf-like organs 
or fioral envelopes situated between the calyx and the stamens ; 
these are individually called petals^ and may exist in one or more 
circles. Where many circles exist, the inner organs often become 
stunted or deformed, and more or less resemble barren filaments or 
abortive stamens {Nymphasa), Each petal, under ordinary circum- 
stances, intervenes or alternates between two sepals. 

The petals are either distinct, and then the corolla is called dialypeta- 
hus or polypeUilom ; or they ore more or less coherent or inseparate, and 
the corolla is gajnopeUdoits, sympeUdmSj or monopetaluus. 

When more than one circle of petals exists, the corolla is multiple or 
double ; this is normal in certain plants, but is very liable to occur from 
transformation of stamens, &c,, or from actual multiplication of whorls, 
as in cultivated fiowers of the Hose, CameVia, Panunculm, Anemone, itc. 
The petals are usually direct outgrowths from the thalamus, but some- 
times they appear not to be autonomous parts but secondary outgrowths 
from the stamens, as in some Mallows, Ihimroses, &c. . 

The Petals. — Although petals frequently depart more than or- 
dinary sepals from the charac^r of true leaves in colour and tex- 
ture, they present gi^ater resemblance in some respects, since they 
frequently have a more or less developed petiolar region, which is 
sometimes of considerable length, at other times a mere thickened 
point ; and they are commonly articulated to the receptacle. The 
petiolar portion of the petal is called the daw {unguis), the expanded 
portion the limb (lamina) (fig., 185). Petals are likewiw more 
irequently cut at the margins, as in the fringed petals of Pinks and 
the laciniated petals of Lychnis Flos^Ouculi, or they are deeply 
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divided into lobes, as in many Caryophyllacesd (fig. 186) and the 
pinnatifid petals of Schizopetalum^ &c. 

Pig. 186. 


Jig. 185. Petal of Dianihutt fringed and stalked. Fig. 188. Bilobed petal of Altine media. 

Jig. 187. Spurred petal of Aq^egia. 

Forms of Petals. — The forms of petals resemble many of those 
indicated for simple true leaves ; in addition to which others occur 
presenting curved surfaces : these are called simply comave^ navi- 
eular or boat-shaped, cochleariform or shaped like the bowl of a 
spoon, See. ; or they may have basal pouches, and be sac-- 

cate, or spurred (fig. 187). Others have peculiar appendages above, 
such as the crests in Polygala and the strapdike indexed points in 
the petals of the XJmbellifene. 

The term nectary is vaguely employed to indicate certain struc- 
tures of varying character intermediate in position t^ptween the 
petals and the stamens, and different in aspect from both. 

Petals are ordinarily of delicate structure and coloured, whence we 
derive the term petaloid ; hut they vary in texture from a menibranar 
ceous to a thick and fleshy condition, such as we see in Magndiay Nym- 
phaa, &c. 

Polypetalons Corollas are regular when the petals are equal 
and symmetrically arranged ; the individual petals may be them- 
selves either symmetrical or oblique, provided they are all alike. 

Some of them have received special names, such as ; — ^the rosacenus, 
where there are five spreading petals ^ the liliaceous, where six petals 
spread gradually from a funnel-shaped origin ; caryophyUaceous, where 
five petms have long erect claws from which the limbs turn off at a sharp 
angle ; cruciform, where four such long-clawed petals with horizontal 
limbs stand in the form of a cross, as in the Wallflower, &c. Slight 
degrees of irregularity arise from some petals growing larger than others, 
as In the case of the outer petals of the outer flowers of the coiymbs of 
Iberis, those of the umbels of Vmbelliferee, &c. ; but more striking irre- 
gularity results from unlikeness of the petals and disturbance of symme- 
try in their insertion or point of emergence. The imperfect corolla of 
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Aconite (fig. 168]) is an example of this ; and a still more important case 
occurs in the pa^lionaceom corolla of LegumnoseB (figs. 191->1^), which 
is composed of five petals, of which the posterior, the vexiUum (fig. 102, <i) 
or standard, the lai^t, usually symmetrical in form, is placed trans- 
Tersely ; the two lateral (fig. 192, o, 6), mostly oblique in form and small, 
forming the al<B or wings, stand right and leu, with the edges fore and 
aft ; and the two anterior (fig. 192, c, o), also small and oblique, often 
coherent in front, and forming the carina or kedj also stand with their 
edges forward. 

Fig. 190. 


Fig. 189. 


Fig. 188. Flower of AeonUum with the sepals r^oved, showing the two hiiinmer>heoded 
posterior petals (or nectaries), wiUi lateral and anterior soalu-like petals, outside 
the numerous st^ens. 

Fig. 189. Bilabiate acroll-like petal (or nectary) ot UelMoruM, , 

Fig, 190. Floret of Composite, ?rith inferior ovary surmounted by scaly pappia aad tabular 
corolla. 




Examples d)ccur in the large prder Leguminosas of almost every mc^i- 
fication of the papilionaceous corolla, approaching to regularity in MajiUda 
for instance, and still more in Coma. Irregular corollas exist also in the 
Fumariacem, in Fio/a, Balsaminacese, Pelarymiumf Tropaolum, and very 
many other plants. 


Fig. 192. 



Fig. 193. 


Fig. 191. 




Fiff. 191. PaDilionaoeouB corolla of PesL 
Pig. 192. The separated Mtals: a, vezillam,’ A^.ahs; c,tf,oarina. 

Fig. 198. Ground-plan offloral envelopes, showing the coherent sepals and a^vMonof the 
petals. The central line snows that the flower may be symmetrically divided into 
two equal halves. 
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GtomopetalonB Corollas have a tube, throat, and limb like the 
gamosepalous calyx; and similar terms are used to indicate the 
more common regular forms, such as tubular (fig. 190), eampanulate 
(fig. 194), funnel-shaped or inf undibuli form (fig. 195), urceolate 
(fig. 196), &c., a few others being requisite for the corolla, more 
especially such as rotate, when the tube is extremely short and the 
limb spreads at a right angle {Anagallis), hgpoorateriform or salver- 
shaped when a similar limb tiu*ns off from a long slender tube 
{fTasminum, Phlox) (fig. 197), <fec. 

Irregular gamopetalous corollas often furnish important syste- 
matic characters ; and several of the forms or classes of forms have 
special technical names. 

T)ic liffulate corolla is tubular at the base ; but disunion soon occurring 
at one sinus, the limb is turned off to one side in the shape of a fiat rib- 
bon or strap, on the margin of which occur more or less distinct teeth 


Fig. 194. Fig. 196. Fig. 197. 



Pig. 194. Coinpanulatp corolla of a Gotitian. Pig. 198. Urceolate corolla of a Heath. 

Pig. 195. Punael-ahaped corolla of Oonvolvultu. Pig. 197. Salver-shaped corolla of Phlox. 

indicating the five component petals (fig. 198) ; this is especially found 
in the ray florets of Compositce : a modification with the tube and limb 
wider in proportion to the length occurs in Lobeliacca^. The labiate or 
hUahiate corolla of the Labiatse (fig. 199) is formed by the two upper 
petals of the limb, which are scarcely at all separated, "and stand Epart 
from the three lower or anterior petals, which also are only partially 
separated, forming a lower lip o^osite^he upper one and projecting for- 
ward from the throat of the corolla : sometimes the upper lip is concave, 
and is then termed gakate, or helmet«l!ike ; in other cases {Ajuga) it is 
almost abortive. 

Almost every modification of this form occurs in the Labiatae, ap- 
proaching to an almost regular tubular corolla in Mentha. This form 
occurs also in the florets of some Gompositie and in those of various Dip- 
saceae, where, however, the upper lip is S-lobed and the lower 2-lobea ; 
in the Honeysuckle the upper lip contaiDS four petals, and the lower is 
formed by a solitary one. Veronica has an irregular corolla intermediate 
between bilabiate and rotate (fig. 200). 
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Tha personate or mash>like corolla is rather indefinite in form : the type 
of it occurs in Ardtrrhimm (fig. 201), which approaches the khiate form ; 
hut the throat is closed by a gibbous projection (forming the palate), 
givinff the front view the appearance of a mask urith a bn^lipped 
mouth. 



Fi;. 198. Liffulate corolla of Conposite. with "infer!<»'* ovary and aoaly pa|>piu. 

Fig. 199. Bilabiate corolla of Stdvia, of five nnited irregolar petals. 

Fig. 200. Corolla of Veronica, bilabiate in stmoture, bot the four segments spreading like a 
rotate oorolln. and with two stamens. 

Fig. 20L Personate ooroUa of .dn^rrAtaiuii. 


This is accompanied by a similar gibbous condition of the base of the 
tube in Antirrhmunif uad by a spur in the same situation in lAnaria, 
Aberrant forms of this type occur in Calceolaria (fig. 202), Utricuhaia 



Fig. 202. Personate ooroUa of CWseolario. 

Fig. 208. Personate oorolla of UMeuiaria, 

Fig. 204. Petals fALeekmla, with scales at jnnction of stalk and blade. 

Fig. 20fib Seotbm of a flower « BoresAmceoai pli^ showing scales in the throat, batwiean 
tile stamen^ anperpoaed to the petale. 


I 
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203) ; aod it runs into the kdnate form by such corollas lu those of 
Mekimpyrum &c., becoming tubular in Dufitalis, Forms allied to this 
occur commonly in Bignoniaceie, Gesneracem, Acanthacece, &c. 

When the throat of a bilabiate or irregularly lobed tubular corolla is 
widely opened^ it is called ringmt or gaping. 

Outgrowths from Petals. — Petals when distinct sonietimes ex- 
hibit appendages on the inner face which have been interpreted as 
stipnlary, as in Lychnis (fig. 204) ; in Manuncuhis we find a minute 
scale at the base, and in Pamassia a largish scale, simple or divided, 
and of glandular character. In gamopetalous coronas. we often 
find a circle of scales in the throat, either free or confiuent into 
what is called a coronet {corona\ sometimes developed so far as to 
produce a long tube projecting from the throat. In other cases 
there is simply a ring of hairs in the throat {Mentha, &c.). In most 
cases the scales are in front of the lobes of the corolla (fig. 205), 
rarely alternate and opposite to the sinuses. 


Examples of circles of scales in the thinat occur especially in the 
Boraginaceee {Myosotis, Symphytum, &c.), in Ctiscuta, &c. In Nardmts 
poeiicus and other species the corona is a complete ring, while in N, 
pseudo-nardssus (the Daffodil) it forms the deep yellow tube projecting 
from the centre. Some autnors attribute these structures to chorim, 
others resrard them as representing a circle of regular stamens in an abor- 
tive condition j and the alternate scales of Samolns may represent an 
abortive circle of stamens, as this would restore the svlnmetry of the 
flower. Usually, however, they are mere outgrowths from the petals, 
formed by motion at a late stage of development. • 

These structures, by a confusion of terms, have been called nectaries and 
nectariferous scales. The terms scale and coronet are more 
exact and convenient. Ilg. 206. 


Duration. — ^Tbe corolla is cadmms, dedchmis, or ITM 
persistent, like the calyx. Occasionally it falls away 
in part by a circular slit, as in Orohanche and lihinan- 
thus. ^ 

In Vitis the caducous corolla separates from the recep- 
tacle at the bases of the petals, wliich cohere above and whenng 

fall off like a little star when the flower opens (fig. 206 ). gu Sf in *raie 
The corolla is mostly decidtwus it is persistent in Cam- - shaped 

panuia, 

In withering, the petals are sometimes closed (occlusa), as in Pcheveria, 
spreading as in Boussingaultia, re/lexed as in Begonia, crisped as in Ptma, 
pulpy as in Tradescantia, dreinate as in Capparis, redrdnate as in Kesrnn- 
brytnUhefmmf and condupUcate as in some species of Ormthogalum, 


bj their tips* 
faU off in one 
star - shaped 
piece. 


The Perianth, in a special sense (see p. 104), consists of the 
floral envelopes when composed of two circles of similar organs, 
ao that, except in position, there is no difference to be seen between 
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calyx and corolla, as in the Tulip ; or of one circle, then always 
called a calyx whatever its colour, as in Monochlamydeous flowera. 

A large number of the Monocotyledonous orders 
possess a petakid perianth ; that is, there are two • 

circles of petaloid organs, which, from their resem- i\ 

blance, or actual coherence, have the appearance of a ^ 
single hexamerous whorl. This perianth may be re- 
gtdar (fig. 207) or irregular , like the normal calyx 
and corolla ; it may be polyphyUous or gamophyUom ; 
and the outer circle may differ to some extent from 
the inner in form, size, and colour, without other ir- 
regularity. The forms are described by the same B^lar s-merous peta- 
terms M those lased for the cdyx and corollfc 

We have a regular polyphyUous penanth in the pogynous Btamena and 
Tulip and Lily; a regular gamophyllous perianth in * central 3-lobed pistil 
IlenierocaUis, ConvaUaria^ Tammj &c. ; a regular poly- ^ ® ■ y «• 

phyllous perianth with unlike circles in Iris ; and irregular polyphyUous 
perianths in Zingiberacem, Orchidaceae, &c. 

Perianth of Orchids.—The irregular perianth of Orchidaceae (fiM. 
208 & 209) requires especial mention, as the Order is very large and uie 
characters of the perianth peculiar. There are three outer organs (a, a, a), 
more or less alike, and usually smaller than the inner ; of the inner, the 
lateral (6, b) are smaller than the posterior (6'), called the lip (or label- 
ium)f which is often excessively developed, and even divided into regions 
which receive separate names ; in many of our native Orchids it possesses 
a spur (fig. 208, i*). 


Fig. 209. 


Fig. 208. 




Fig. 210. 



Fig. S06. Floww of aa Orohia. soon in its na^.poaitloi^ where, owing tte rf 

the inferior otary, the anterior or inferior part la abore and posterior below. 


the labeUnm. prolonged behind at the into a apnr. b». 

Fig. 209. Oroand-plan of we flower, with the same reference . 

Fig. 210. Flower ofZtumla: b, the O-merona scaly penant^ smnnding six hypogynoos 
and a central S-oomered pistil with a single atyle and three atigman 
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Periaaih of Palms. — The perianth of the Palms, of Juncaceae (fig. 
210), and other Monocotyledons is composed of scale-like, fleshy or mem- 
branous organs, either free or confluent, approaching to the condition 
found in the Glumiferso. 

Monochlamydeons Perianth. — The perianth of the Mono- 
chlamydeous Dicotyledons is very varied in form, texture, and 
colour. It may be gamophylhus or yolyyhylhvs^ and then regular 
(fig. 211) or irregular (fig. 212), and, moreover, or sapaZotef. 

It is reduced to the lowest state in the Poplar (fig. 213), where it 
is a mere membranous cup ; and it is absent in the allied genus 
Saliccy as also in the Ash (fig. 214), which are therefore acldamy- 
deous. 


Fig. 211. 


Fig. 212. 



Fig. 218. 




Fig. 211. Begular perianth of Aitarum, ^ 

Fig. 212. Irregular perianth of Arigtohehui 

Fig. 213. Flcw«r of the Poplar: from a male catkin; a female catkin ; each 

with a cup-ahaped perianth. 

A gamophyllous, coloured, regular i^rianth exists in Thymelacece 
{Daphne) \ the dull-coloured gamophyllous perianth of AHMochia is 
irregular (fig. 212). The gamophyllous sepaloid perianths of Ulmua and 
Castama (figs. 215, 216) &c. are regular ; the polyphyllous sepaloid pe- 
rianth of Uriicacem is also regular. In Polyponumy the regular gamo- 
phyllous perianth is partially petaloid, while, in the same order, Rumex 
and Rheum have a double curie of unequal, wholly sepaloid organs. 


Olumaceous Perianth. — The perianth of the Glumiferous Mono- 
cotyledons requires special mention.^ 

In the Grasses, as already mentioned, the flowers are home in epikeletsy 
associated in spikes, or panicles. A spikelet of the Oat, for example 
(fig. 217), exhibits at its base a pair of green membranous bracts, me 
glumes (a, a) more or less enclosing all the inner parts : these are regarded 
as bracts, or spaihes ; and within them are fouqd one, two, or more 
flowers. The flowers succeed one imother alternately on a rachxs and 
each is invested by a bract resembling the glumes, called Hkejlouuning 
glume or the outer palea (figs. 217-219, 5) : within this i#an inner scale 
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forked |tt the top, and often with two distinct principfd xihs: hence it 
is regarded as composed of two confluent scales. This is called the palea 
or the inner palea. These scales often bear a projecting bristle (otoii, 


Fig. 215. Kg. 21 fl. 



Fig. 214. Naked flower of the ilah (Firaannus exoBUior), 

Fig. 216. Flower of the Elm ( Ulmus)^ with a regular 5*toothed perianth. 

Fig. 21S. Involucre or young cupule of the Chestnut iCcutanea VMoa)t with two female 
flowers, each having a regular perianth. 


arista) at the top or on the back (fig. 218, 6*). Within the pale (fig. 219) 
occur two or in some Grasses three httle nypogynous scales (hdicu^y x, x)f 
corresponding to petals and to them succeed the stamens and pism. 


217. 



Fig. 217. Spikelet of the Oat: 0 , 0 , glumes; A^the flowering glumes or outer pales of the 
two florets. • 

Fig. 218. One floret detached and opened: Athe outer pale (with an awn 6*); ft', the inner pale. 
Fig. 219. The same, magnified, with the outer pale removed : ft, the inner (double) pale ; «, a* 
the lodieula or hypogynous scales representing the petals, within which are the 
three stamens and the ovary, with its double mothered stigma. 

The h^ogynoiis scales are three in number in iSlh]pa,restoringthe flym- 
metiY. The upper glume is sometimes abortive, as in hoHum, while in 
Naram both are abmt. In Ahpecurua only one pale is developed. The 
spikelet often contains one or more imperfect flowers. 

The perian^ of CyperaceaB, where it exists, presents a still simpleir 
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condition, analogous to that in the^ Amentiferous Di^tjledons, and in 
some cases is abortive. In Scirpus 220^ it consists of a circle of' 
bristies ; in Eriophorum it is a tuft of hairs, which grow out into a ‘‘ lock ” 
of cotton as the fruit ripens. In Carex (fig. 221) there is on urceolate or 

Pig. 220. 

Pig. 221. ^ 
a 

% 


Fig. 220. Flower of Seirpunt the essential organs surrounded a circle of bristles. 

Fig. 221. Female flower of Carexi a, the perigyniwni^ or perianth, in the axil of a bract; 

h, the tubular cut open rertioally, to show how it surrounds the pistil. 

inflated tubular perigynium or utriculua surrounding the pistil of the 
fertile or female flower, which stands in the axil of a bract, and which is 
itself composed of the union of two scalas or bracteoles. Cyperm^ C/n- 
diutrij &c. nave the essential organs naked in the axil of a bract. 




Sect. 0. The Essential Oboans of Elowebs. 

• 

The essential organs of flowers consist of an andrwdum or as- 
semblage of stamens, and of a yynamum or pistil consisting of carpels 
with their contained ovules. The androecium and the gynsDcium 
are both present in perfect flowers, although these latter may be 
incomplete, from the absence of floral envelopes. In diclinous or 
uniseamal flowers the stamens or pistils exist alone, and the flowers 
are consequently imperfect. 

Organs morphohgicaUy intermediate between petals and stamens occur, 
not only normally, as in the flowers of Nytnpheea, but such structures are 
veiy common in monstrous double flow^, bearing anthers or poUinifeious 
lobes upon the borders of petals. The morphological connexion is also 
kept up by the existence or sterile fllamento or stamenHstalks, which, like 
the filaments of perfect stamens, may exhibit s^petakid character. 

In monstrous flowers sometimes imperfect organs present themselves, 
partaking of the outward characters both of stamens and carpels. 

Tha Diak. — ^Abortive organs, referable either to the cor(wne or the 
staminal circles or excrescences therefirom, have been already referred to ; 
but it is desirable to notice more particularly the conditions of those struo- 
tures which are commonly described under the name of di/jk (see p. 100). 
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The simplest state is that of one or m 9 re glandular painllaB upon the recep- 
tacle, as in the OrudfersB. In the Crassulacee {Sedum, 

Sempervimm) we find a circle -of glandular bodies Fig. 222. 
outside the carpels and be^een these and the 
stamens. In Cobmay the Vine, and other fiowers 
there is a five-lobed hypog^ous disk, the stamens 
being inserted outside or between the lobes. In 
atrue (fig. 222) the disk forms a perfect ring round 
the ova^. In OauUheria there is a double circle of 
scales between the stamens and the ovary. On the 
other hand, in Vinca there are two glands, alter- 
nating with the two carpels of the ovary. The study 
of these structures is very interesting in regard to the nowor of curu» with the 
reduction of irregular fiowers to regular types. Some petaii and itaineiu re- 
of the structures are rudimentary petals or stamens ; Sdrc^nnd"*the* aLiiUar 
and in other cases they are referable to developments duk surroui^o^ the 

of the receptacle or torus itself (p. 100). 

^ outgrowth 

from the reoeptaole. 

The Andrcseium, 

The Stamens taken collectively form the Andreectum, The 
essential character of a stamen is, that it is that organ in which 
are formed the pollm-grain9f the bodies by means of which the 
fertilization of the ovules is efEected. A completely developed 
stamen (fig. 223) exhibits two principal regions, the filament or 
stalk (a), corresponding to the petiole of a leaf, or, as Clos thinks, 
to the midrib of a petal ; and the anther (6), corresponding to the 
blade of a leaf. The anther is a hollow case containing pollen, and 
is therefore the only essential part of the organ : the filament may 
be wanting or merely rudimentary ; and the anther then remains 
sessile^ like a leaf-blade when the petiole is not developed. The 
normal position of the stamens is between the petals and the pistil; 
.each stamen, under ordinary circumstances, intervenes beWeen 
two petals or is alternate with them, and therefore superposed or 
opposite to a sepal, tn Naias and Typha it is supposed that the 
stamen is axial and not foliar. 

The base of the filament, or of the so-called sessile anther, is ^ually 
articulated to the receptacle wh^ these organs are free \ but this con- 
dition is more or less disguised when the stamens are adherent to or inse- 
parate from .^e cidyx, corolla, or ovary. 

Staminodea or sterile filaments, i.e. such as are devoid of 
anthers, occur in many flowers in regular circles ; and not unfre- 
quently one or more stamens exut in this condition in un- 
symmetrlcal flowers. Sometimes these staminodia are reduced to 
mere scales, as in the odd stamen of Serophularia (fig. 224), or to 
glandular pi^illas, as in the flowers of many Grudfere. 
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Filament. — The filament, in its usual condition, is a slender 
thread-like stalk to the anther, and in this state is iavmoA filiform. 
Sometimes it is almost hair-like, and incapable of supporting the 


Fig. 223. 



Fig. 224. 



Fig. 226. Fig. 226. 



Fig. 223, A atamfin : a, the filament; d, the anther. 

Pig. 224. Corolla ot Scropkularia laid open, ahowring the four didjnamons atamena and the 
poaterior barren one, or ataminode. 

Fig. 22S, Stamen of Alhum. with a trifid filament. 

Fig. 226. Stamen of iiim qwidtjfoUa with prolonged oonneotiTe. 

weight of the anther, when it is capillary^ as in the Grasses ; while 
it is still more frequently thick at the base, diminishing gradually 
upwards, so as to become mvl-shaped or subulate, Jn a few in- 
stonces ( Urtica) it is Tnoniliforin, or like a row of beads. In other 
cases it is more or less expanded into a petaloid condition, as in 
Erodinm ; in Campanula it is expanded in this manner at the base. 
Omithogalum has the filament dilated in this way throughout. 
The dilated filament sometimes exhibits divisions : in Cramhe it is 
forked at the summit, the anther standing on one point ; in Allium 
(fig. 225), Alyssum calydnum^ Ornithogal^m nutans, &c. the fila- 
ment terminates in three teeth, the middle one bearing the anther; 
and in Allium sativum one of the lateral teeth forms a kind of tendril. 

Branched Stamens. — Li some plants, as in Mallows, some 
Myrtaceeo, Hypericum, &c., the stamens are very numerous and 
are arranged in fascicles. The study of the development of these 
fascicles shows that they are originallly single organs, which become 
subsequently divided or branched, so that the fascicle of stamens 
* in such a case may be compared to a divided or compound leaf. 
Some of the divisions may be petaloid and sterile, others antheri- 
ferous. 

Appendages of other kinds are also met with, such as a pair of 
glandular processes, standing like stipules near the base, in Lau- 
racesB (fig. 233), a single spur in Bosemary ; while in Borago the 
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filament appears to arise on the fiice of a scale-like body, and in 
Simaha and Larrea it stands at the back of an analogous B<^e. 

The BC^e-like organs situated at the base of filaments, or connected 
with fascicles of stamens (TiliacetB), are by some regarded as fiurnishing 
evidence for the doctrine of ehorista} but they are more probably merely 
barren lobes of compound stamens. 

The Anther — ^its parts. — The anther has a typical form> which is 
subject to very great modification in different cases. It corresponds 
to the microsporangium of some of the higher Cryptogams. A regular 
anther (fig. 223, 5) is an oblong body, dirided perpendicularly into 
two lobes ; the division is usually marked by a furrow on the facSy 
and a ridge on the hack (or dorsum). The central region, which is 
solid and represents the midrib of a leaf, is called the connective ; 
the lobes are hollow dilatations of the lamina, and contain the 
pollen. At each border, usually rather toward the /ace, is often to 
be seen a vertical line, called the suture^ indicating the place where 
one class of anthers split open to discharge the pollen. 

Attachment to the Filament. — ^The anther is attached to the 
filament in several ways : if the filament runs directly without 
interruption into the base of the connective, like the stalk of an 
ordinary leaf, it is said to be innate or basifixed ; if the filament 
runs up the back of the anther as it were, so that the latter is 
more or less free at the base, the anther is adnate or dorsijixed ; 
if the filament is attached by a slender apex to about the middle 
of the back of the anther, the latter is versatile. In some cases 
the anther^is pendulous from the apex ; it is then sometimes called 
apicifixed. Li the Tulip, the capillary point of the filament runs 
up into a conical pit in the base of the connective. 

Modifications. — The modifications of the anther result from various 
causes — from development of the connective, from the presence of ap- 
pendages, from variation of form of the anther-lobes, and from special 
conditions of the internal cells ; and there are also important differences 
in the manner of bursting, or dehiscencef for the discharge of the pollen. 

The Connective. — The connective is normally a solid rib, running 
up the middle of the anther. If the lobes of the anther extend 
upward or downward beyond it, the summit or base of the anther 
(or both) becomes emarginate. On the other hand, the summit of 
the connective is prolonged in a membranous form in Viola, and 
also in the Composite. In Paris (fig. 226) the apex is lengthened 
into a point, also in Asarum, Magmlia, Ac. ; in Xyhpw into a 
fieshy mass ; in the Oleanders into a feather^ process, Ac. ^ 
two of the stamens of Viola the base of the connective has petaloid 
spur^like appenaages ; and still more remarkable states occur in 
the Melastomacem. 
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At other times the connective expands transverselji so that the lobes 
become more or less separated ; in sucm cases it may be ovate, orbicular, &c. 
{Meliasa, the Lime-tree, &c.). This is espedelly the case with the lower 
part i and examples may be found illustrating this point, forming a series 
from the state where the bases of the lobes are but slightly separated, to 
that in which they are inclined together at the summit at an angle of 
46® ( Vitex) ; or, further, the bases are carried out and up till they are 
horizontal, as in Stachye, PnmeUa, &c. ; while in other instances this 
goes so for that the connedtive grows out into two distinct arms from the 
summit of the filament, bearing the solitary anther-cells at the tips : in 
Salvia (fig 227) one of the lobes is abortive, and represented by apetaloid 
plate. 



Fig. 229. 



Fig. 227. Stamon of Salma offlcinalit^ with a half>unther containing pollen and the other half 
barren, separated bj the bifurcation of the connective from the sammit of the 
filament. 

Fig. 228. Group of stamens with mnuate anthers, of the male flower of a Gourd. 

Fig. 229. Stamen of Vacdniwn vJUgiwmm, with spur-like appendage and porous anthers. 

Anther-lobes. — The lobes of the anther are commonly oblong ; 
in the Grosses they are lima/r ; but they vary with the form of 
the connective, and are sometimes lunate or reniform. In the 
Cucurbitaceas they are remarkably convoluted (sinuate) inter, a flat 
scroll-like form (fig. 228). Not unfrequently they are attenuated 
upwards into free points, as in Vacq^nium (fig. 229) ; in the Me- 
lastomacem the two lobes become confluent into a tubular process 
at the summit ; while appendages are occasionally met with at the 
base of the lobes, as in Erica (fig. 230), Ac. 

Anther-loculi. — ^The lobes of most anthers exhibit internally 
four cells (thecce or loculi) in the early stages of development, each lobe 
being divided into two by the sejptum extending from the connec- 
tive to the suture (fig. 231). The septum (the; plaeentoid of Chatin) 
is more or less destroyed during the maturation of the pollen in 
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most cases, leaving the anther tvoo-^dhd^ or hihcvlar 232). 
In some cases the internal substance of the connective is nkewise 
absorbed, producing true unilocular anther, as in Alchemilla- and 
in Malvace®. In other oases the four cells are retained perfect, 

Fig. 280. 


Fig. 230. Stamen of Utica cinrrea. 

Fig. 231. Section of an anther, it« two lobes still divided into two cells by the icpfa reaching 
from the connective to the cufurcs. 

Fig. 232. Section of a bilooultf anther (the septa have been absorbed). 

Fig. 233. Stamen oX LaunuTcrsea, havh^p a 4-celled anther with o^^TOular dehiscence, and 
two lobes at the base of the filament representing divisions of a compound 
stamen. 

as in the anthers of Buton^^ where they are parallel, 

and of some Lauraceso, where they become oblique so that the 
summits are all turned towards the face. The dimidiate unilocular 
anthers of Oomphrena and Salvia are so called from being only 
halves of anthers in which one lobe is abortive or suppressed. 
Anomalous one-celled anthers occur in Polygala. The unilocular 
lateral anthers of the diadelphous stamens of FumariacesB are 
dimidiate, 

• 

Dehiscence. — ^When the anthers are mature, the cells or loculi 
open and discharge the pollen. This dehiscence takes place in 
different ways ; it may be eutural, porous, or ^ercular. Sutural 
dehiscence is the opening of the walls by splitting down vertically 
at the sutures, which may be e^trorse, introrse, or lateral (see 
p. 126). A transverse slit is formed in the unilocular anther 
of Alchemilla, in Lavandula, and in Lemna, Porous dehiscence 
is where definite orifices are formed at some point of the widl 
of the loculus, as at or near the summit in SoUmvm, Ericacem 
(figs. 229, 230), Soc, C^'cuZar dehiscence results from the partial 
separation of a portion of the wall of the loculus, in the form of 
a kind of lid, as m the Berberry, where the front of each cell splits 
off at the sides and base, and turns back as if hinged at the top# 
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In the Laurace® (fig. 233) we find either two or four little lids of 
this kind, opening the two or four cells of the anthers. 


If the anther he considered the equivalent of a leaf with infolded 
margins, then the groove between the two lobes would reprint the 
madras of tbe leaf ; but there is reason to suppose that no sucn infolding 
realfy occurs, but that two pollen-sacs are formed on either side of the 
connective wi^out any involution of the margin. 


Stamens of Gymnosperms. — The stamens of the Gymnospermia 
present remarkable conditions, which require separate notice. 




entire male flowers, and are conjoined into male cones, each anther forming 
a scale of the cone ; they are bract-like plates, bearing on the lower face two 
parallel anther-lobes (bursting longitudinally or irregularly), beyond 
which the connective extends more or less as a scale-like process. In 
Cupressua the form of the anther is excentrically pettate, the lobes, three 
or four in number, standing under the overhanging connective ,* md it is 
similar in Juniperm and Thuja, In Taxua the peltate connective is' more 
symmetrical, and radiately grooved above, having from three to eight 
vertical anther-lobes beneath : some authors regard this as a group of 
monadelphous stamens. 

In the CycadacesB (for illustration see that order), where the anthers are 
scattered in large numbers over the lower face of the scales of the male 
cones, they occur mostly in the form of groups of four simple anther-lobes, 
with longitudinal dehiscence and arranged in the form of a cross. These 
are mostly described as parcels of imilocular anthera. 


Number of the Stamens. — The stamens, taken collectively, 
present a number of characters, which have received technical 
names. The number of stamens in a flower is indicated by the 
terms mon-atidrcma^ duandrous, See. ; when more than twelve exist, 
the term poly-androus is employed. Upon the number of the 
stamens the Linnean classification was partly founded. When 
the dumber of the stamens is equal to, or some multiple of, the 
number of petals in the corolla &c., the flower is isostemomms ; 
when the number is different (as in Scrophulariacem <&c.) the flower 
is aniaostemonous. When there is one whorl of stamens iii the 
normal position, the term haploatemmous is employed; diphste- 
monofis is used where there are twb whorls, and obdiploatemomm 
where there are two rows of stamens, the outer superposed to the 
petals. 

Belatiye length. — ^Two cases of inequality of length of the 
filaments are distinctly named, viz. the didynamma condition 
(figs. 234 & 235), when there are two pairs of stamens, one pair 
longer than the other, characteristic of many irregular Monope- 
tidous flowers (Labiatm, Scrophulariaceas, &c.) ; and teirijdynamoua 
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(fig. 236), when there are four long stamens and two short ones, 
characteristic of the Grucifms. When the stamens aie of unequal 
length in the same flower, or in different flowers of the same 
species (s.p. Primrose), the condition is called dimorphte^ and has 
reference to the mode of fertilization to be hereafter mentioned. 

The term included is emnlojed to denote that the stamens do 
not reach beyond the corolla ; exeerted^ that they are protruded 
from it ; while decimate means that the exserted stamens are all 
curved over to one side. 

Cohesion, etc. — The stamens are subject to apparent confluence 
or cohesion, like the other organs. If the filaments are only 


Fig. 234; 



Fig. 234. Corolla of OlecTwma^ laid open to show the didynamotis stamens. 

Fig. 236, Corolla of Digitalia, laid open to show the didjnamOTS stamens. 

Fig. 236. Tetradynaroous stamens of the Wallflower surrounding the pistil, the flonl enve- 
lopes being removed. 



partially separated so that they form a tube surrounding the 


Fig. 238. 



Fig. 240. 



Fig. 287. IConadelphoos stamens of Maha- 
Fig. '288. ■fa**"**** of li egnmin oBaB. 

Fig. 289. 0roniM-ptan of a Fapilionaoeons flower with diadelphons stamens 9-I-1 (tlie 
little oinles round the a^tai7 carpel). 

Fig. 240. Triedelphous or polyndelphoos stamens of J^perkum aggpUarntm, 
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style (or a column in a staminate flower of a diclinous plant) 
(flg. 228), the stamens are mmadelphous (flg. 237), as in Malvaoeie, 
Camdlia^ &c. In FumariacesB they are coherent into two equal 
parcels, while in many Leguminosss, of ten stamens, nine are united 
together and oue free : these states are called diadelphous (figs. 
238 & 239). In HypericacesB we have triadelphous (flg. 240) and 
pmtadelphous states ; but these, as also the state in Aurantiacem 
and various Myrtaceie, are generally denominated polyadelphouSf 
and are instances of branched seamens (p. 120). 

Syngenesious signifles that the filaments are free, but the anthers 
coherent (fig. 241), as in Compositae and Lobeliacem. Gynandrous 
indicates confluence of stamens and pistils, such as occur in 
Orcbidacem, Asclepiadaceae, Aristolochia, &c. (fig. 242). These 
terms, together with those descriptive of adhesion {periyymus, 
epiyyuous, &c.), have already been explained, as also the meaning of 
the words monaecious, dioecious^ dsc. 


Fig. 241, Fig. 242. Fig. 248. 



Pig. 241. SyngeneeionB itamens of Compoeitte: a, the anthers sarrounding the style as a 
eheath ; 6, the anthers removed and spread out» showing the free filaments. 

Pig. 242. Section of the lower part of the perianth of Arutofochia^ springing from the top of 
the inferior ovaiy. In the carity of the perianth is seen the style, witib the 
adherent anthers upon its sides. 

Pig. 248. Clavate pollen-mass of Orckit, prdonged below into a eaudielt, by which it attaches 
itself to the rotttUum of the stigma. 

Direction of Anthers. — Usually what is called the face of the 
anther is turned inwards towards the ovary, and it is then said to 
be introrse : but sometimes the reverse state exists, and the face is 
turned towards the floral envelopes, as in Eanunculus, Colehicum^ 
Ac., when the anthers are termed extrorse. Frequently the direc- 
tion changes during the expansion of the flower, as in versatile 
anthers. (See also under Dehiscence, p. 123.) 

Pollen. — The pollen^ discharged from the anthers, consists in 
almost all cases of a fine powder composed of microscopic groins 
or cells corresponding to the microspores of the higher Cryptogams; 
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the' form and appearance of the grains vary much, and will be 
spoken of hereafter. The pollen of the AsclepiadacesB and Or- 
chidacese, however, has a great peculiarity, in remaining perma- 
nently coherent into masses, often of a waxy character. In 
Orchidacem the ^pollen-rmsses or pollinia are either single in each 
loculus of the anther (as they are in Asclepiadaceoe), and then 
often furnished, as in Orchis Ac., with a stalk-like pi^cess, called 
the caudicle (fig. 243), terminating in a gland-like base (retinor- 
culum), by which they readily adhere to the stigma or to foreign 
bodies, such as insects ; or the pollinia are two or four in each 
loculus, and devoid of a caudicle ; sometimes the pollinia are nume- 
rous, and form merely a loose granular mass. 

The external characters of the poUen-mius, their stnicture, and sub- 
sequent history will be treated of in the Third Part of this work, as they 
belong to the microscopic anatomy and the Physiology of Plants. The 
form of the pollen-grams is generally constant in the same plant ; but 
great variations are often found within the limits of Natural Orders and 
sometimes in the same genus, so that, excepting the Ort^hidaceae and 
Asclepiadaceai, and a few otlicr groups, they are not to be relied on as 
aftbrding any very useful characters in Systematic Botany. Their size, 
form, and numbers are apparently in relation to their mode of dispersion 
by the wind or by insects. 


The Gynmium or Pistil, 

Carpels. — central essential organs of flowers, composing the 
pistil, consist, like the outer parts, ^ 


of phyllomes or modified leaves ; 
these constituent leaves are called 
carpels. The peculiar character 
of a carpel is, that it produces 
ovules, the rudiments of the seeds 
— usually upon the margins, but 
occasionally on other parts of the 
internal surface. In the Gym- 
nospermia these ovules are deve- 
loped upon the edges or surface 
of expanded carpels. Li the An^ 
giospermia, comprehending the 
great majority of Flowering 
plants, the carpels are folded up, 
either singly (fig. 244) or collec- 
tively, with the margins turned 
in so as to place the ovules in the 
interior of a hollow case. The 
case thus formed, enclosing the 


Fig. 244. Fig. 245, 



Fig. 24a. 



Fig. Z44. Simple pietil of PruniUt oonaiitiiig 
of a iingle oarpel: a, the eeaiy; 0 , the 
9t]fU; Mim $tignuu 

Fig. 24R, The Mme, opened, to dio«r the 
ovult within the ovary. 

Fig. 246. Cro« seotion of the carpel of 
fhowing that the omle eriies 
from the placenta at the confluent margins 
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ovuZm, is called the ovary (figs. 244 & 245 ^ a, a') ; the upper port 
of the carpel is frequently atWuated into a slender column ciJled 
the %tyle (c), at the extremity of which is a tenninal glandular orifice 
or stiyma (&, &), the borders of which are often more or less thick- 
ened or developed into processes of various kinds. Sometimes the 
stylar prolongation does not exist ; and then the stigma is sessiU 
upon the ovary. 

The pistils are undoubtedly formed of carpels (carpellary leaves) in 
most instances. In some cases they appear to be formed by an expansion 
of the receptacle or axis of the fiower^ as in Typha and Naias ; while 
their structure and venation are in some cases nei^er those of a leaf nor 
of an axis, but, as it were, intermediate between the two. 

Phyllody- — The foundations of the doctrine that the carpels are 
metamorphosed leaves rest upon a very wide basis. The. following 
observations include examples of some of the most important classes 
of proofs: — 1. The carpel ordinarily possesses more of the character 
of a true leaf, as regards texture and colour, than the stamens or petals 
— approaching to the sepals, which we have seen to pass insensibly 
through the bracts into ordinary leaves. The resemblance is sometimes - 
heightened during the development of the firuit, as we see in the legumes 
of some species of Cassia, and still more in the bladder-like pod of 
ColtUea. 2. i\bundant examples exist of the substitution of peteds for 
stamens and pistils in abnormal flowers •, anti an almost equally common 
monstrosity consists in the substitution of isolated stunted green leaves for 
the carpels. In the Double Cherry, cultivated in shrubbenes for the sake 
of its blossom, the stamens are generally replaced by petals, while the 
centre of the flower is mostly occupied by a pair of green leaves. (The 
single, fertile Cherry frequently has two pistils developed instead of 
one.) In a common monstrosity of the White Clover, the pod is usually 
replaced by a more or less perfect green leaf ; the same occurs in garden 
Koses, where tufts of green leaves replace the pistils; and, in fact, 
examples of this kind are very abundant 3. The more or less stunted 
green leaves which represent the carpels in the above-mentioned monsters 
frequently exhibit on their maigins structures varying in character from 
almost perfect rudiments of ovules to cellular papillae and leafy lobules. 
This is observed in the monstrous Clover, and has been especially remarked 
also in monstrous flowers of cultivated (forced) Tulips, of vanous Cruci- 
ferae, Ranunculaceae, Scrophulariaceae, &c. The abnormal conditions in 
these cases are analogous to the normal condition in Coniferae and Cyca- 
deae, the Gymnosperms, where the bvules are always naked on open 
carpels. 4. The production of ovules on the margins of carp^ is analo- 
gous to what is seen in the development of advmtttious buds on vegetative 
leaves, as in BryophyUum, &c. Such buds, however, occur sometimes on 
the upper surface of leaves ; and we find some carj^ls, as in Nynmhtea, 
JButoims, &c., with ovules developed more or* less extensively over the in- 
ternal face. 6. The disposition or arrangement of the vascular bundles 
is usually that of the leaf, .not that of the branch. 6. The structure, de- 
velopment and mode of growth generally are those of the leaf and not 
of the bxancli. Exceptions, however, occur to the last two statements. 
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Placenta, Sntnrei.— The region of the carpel whence the ovules 
arise is called the placenta ; and when in Angiospermous flowers 
the placentas are clearly and distinctly marginal, iliey must. of 
course be dovihU^ from the meeting of the two edges ; the same is 
true of the siigmcitic surfaces. The line of union of the margins 
of carpels constitutes the ventral suture : the line corresponding to 
the midrib of the carpella]7 leaf is the dorsal suture. 

An excellent example of a simple typical pistil formed of a single carpel 
is afforded by the legume of the Leguminosas ; as, for instance, in the 
Sweet-pea, where we find the ovary, with a ventral and dorsal suture, 
narrowed above into a short slender style, terminating in a slightly 
enlarged stigma. When we ojpen the ovary, in the way it is broken in 
shelling peas for the table, we nnd the nlacontary margins separated at the 
• ventral suture, each carrying away hall the ovules, demonstrating clearly 
the double character of the placenta. 

Modifleations. — Pistils differ extremely in different plants, from 
dissimilarity in the number, degree, and mode of union of the car- 
pels, as w^ll as in the relative degree of development of the different 
regions of the carpels, and with these may be associated the pecu- 
liarities arising from adhesion of the outer circles. 

Numerical relation. — The number of carpels is most frequently 
less than that of the organs in the outer whorls, being very fre- 
quently reduced to two, and often to one. On the other hand, 
multiplication of the number is met with in certain Orders, where 
the receptacle is generally more or less enlai'ged to make room for 
them. • 

A large portion of the Gamopetalous Dicotyledons, with a quinary ar- 
rangement of the calyx and corolla, and often of the stamens, have dicarpel- 
lary pistils, as Gentianaceas, Apocynacete, Solanaceas, &c. Leguminosas 
with quinary flowers have a solitary carpel. The agreement of the number 
of carpels with the other origans is almost universal in the ternary flowers 
of Monocotyledons, as in Liliaceee, Iridaceae, Orchidaceas, &c. Multiplica- 
tion of carpels is especially frequent in the lianunculaceas, MagnoHaceae, 
and some other Orders. 

Apocarpous FistiL — In the typical pistil above described, and 
which really exists in Leguminosae (for instance), the organ, being 
composed of one carpel only, is simple. A carpel may to solitary 
in a flower, from suppression of the remainder of the circle; or 
there may be in the same flower several distinct, i. e. uncombined, 
carpels, as in Larkspur, Aconite, Magnolia^ BanuneuluSy Pragaria^ 
<&c. : in these cases the terms multiple pistUs is occasionally used, 
or w^e may say carpels distinct^ three, five, or numerous, as the 
case may to. The term apocarpous pistil indudes both the solitary 
carpel and the multiple pistils. In the case of multiple pistils, 



130 


HOBPHOLOOT, OB COMPABATIYE ANATOICT. 


where the receptacle is flat the carpels are in whorls ; but if the 
receptacle is elongated the carpels are arranged spirally^ as in 
Mctgnolia, 

SyncarpouB Pistil. — ^Where, as very frequently happens, the 
carpels cohere together, as the stamens do in the condition called 
monadelphous, a syncarpous or compound pistil is formed ; and as 
the carpels occupy the apex of the receptacle, they do not form an 
open organ, like the tube of filaments in Malva for example, but 
a closed case, appearing externally like a solid body, mostly with 
ridges and grooves on the outside, indicating its compound nature. 

The union varies very much in degree ; even in multiple pistils we find 
the carpels sometimes cohering strongly while young, and separated only 
as the seeds ripen; and in true compound pistils the union does not 
always extend to the summit of the ovarian region, as we observe in the 
Saxifragacese, where the apices of the ovaries diverge. More frequently 
the ovarian regions are firmly coherent; and then the styles may be 
wholly free — Pink, Silene (fig. 173), Hypericum, &c. j or united part of 
the way up, as in some Malvacete (fig. 247) ; or entirely, but with the 
stigmas distinct, as in Geranium, &c. ; or the stigmas may also bo con- 
fluent (Primulacese, Solanacese, ^c.). Sometimes, however, the styles or 
stigmas exhibit the reverse condition, and are split into two parts, as in 
the styles of Drosera, JEuphorbia, &c. 

Adhesion. — ^I'he conditions arising from adhesion or want of se- 
paration have been referred to already, under the names of superior 
or inferior calyx or ovary. The condition depends on this circum- 
stance — whether the vascular bundles for the carpellary whorl are 
detached at once from the axis, or whether they are held together 
by a eheath of cellular tissue for a time before becoming detached. 
They are always associated with cohesion when more than one 
carpel exists. 

The styles, when the ovary is inferior, are either coherent, as in 
Iridacess (fig. 2(10), or distinct, as in the Umbelliferas (fig. 172) and Rubia- 
ceas. In ^aifraga (fig. 171), and in some other cases, the ovary is half- 
inferior. When the stamens are consolidated with the pistil, the gynan^ 
drous condition is produced. In Orchidocete the filaments are inseparable 
from the style, forming a column surniountiiig the ovary ; in Asclepia- 
daceae the anthers adhere to the summit of the free compound style ; in 
Aristolochiacese the filaments apparently adhere to the base of the com- 
pound style (fig. 242). (See under Aristolochiaceas.) 

Compound pistils are sometimes smooth and even on the out- 
side, showing no sign of their compound nature, as in Primula, 
Ac. ; in other cases they exhibit more or less deep furrows at the 
lines of junction, sometimes dividing them into lobes. But the 
internal structure of the ovary generally indicates the number of 
carpels entering into its composition very plainly. 
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Hultilocnlar Ovary^—Flacentation. — ^When the carpels are firmly 
and organically united by the surfaces of contact, we obtain the 
type of a comjaound multilocular or many-celled ovary (fig. 248)*. 


Kg. 247. 



Fig. 247. Oraiy, atylei, and atigmaa of Malta. Fig. 249. 8-ceUed ovary otLUium. 

Fig. 348. 2-oelIed ovary of ScrophulariaoeaB. Fig. 350. .3>oellcd ovary of Commeljfna. 

Fig. 251. 4-oelled ovary oi Fuchiia, 


In these cases the sides of the constituent carpels are folded in- 
wards, so as to meet in the centre, and thus form partitions be- 
tween the chambers or loculi. The placental margins of the 
infolded carpels are retroflexed, constituting central or axile pla- 
centas. The partitions are called and are necessarily 

double, being composed of the conjoined side-walls of contiguous 
carpels. In such ovaries the dorsal sutures are in the outer wall, 
while the ventral sutures meet in the centre (fig. 248). 

Examples of this kind of ovary are furnished by Liliacess (fig. 240) 
and many oth*er Monocotyledouous orders, by Ericace®, Solauace®, Scro- 

S hulariace®, &c. In some cases the ventral sutures and placentas are not 
irectly confiuent, but adhere to a central prolongation of the receptacle 
running up between them, as in Geraniace® (fig. 270), &c. 

False or spurious dissepiments occur occasionally both in compound and 
simple ovaries, consisting of membranes or plates developed from the pla- 
centa or from the dorsal suture, and subdividing the originally single 
cavity formed by individual carpels. Thus in Lmum the 5-carpellary 
ovary would have five loculi, were it not that a spurious dissepiment 
extends inwards from the dorsal suture to the placenta in each loculus, 
and divides the ovary into ten loculi. In Astragalus (fig. 25^ the simple 
ovary is divided by the infiexion of the dora^ suture, imd in Datura 
Stramonium a false septum is fonhod in each of the loculi of the ovary. 
The transverse talse septa found in various Leguminous ovaries, such as 
Cathartocarpus &c., are likewise outgrowths from the walls of the carpel. 

Unilocular compound Ovary. — ^If the carpels are not indexed, 
but cohere by their contiguous margins, they form a hollow case 

* The term ceU, though commonly used, is objectionable^ as leading to confu- 
sion with the cells which make up the tissues of the plant. On this account the 
word loculus is preferable. 
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with only a single cavity ; and as the lines of junction of the car- 
pels are on the outer wall, the placentas must stand inside those 
lines ; in this way is formed a unilocular compound ovary with 
parietal placentas (figs. 253-255). There are no dissepiments ; 
and the ventral sutures, alternating on the outer walls with the 
dorsal sutures, are, in such coses, like the placentas within, formed 
of the confluent margins of two different carpels instead of those 
of the same carpel. 

We find almost every possible degree of transition between the parietal 
and the axils placentas^ according as the placentiferous margins project 
more or less into tlie interior of the ovary. True parietal placentas are 
found in Violacess (fig. 254), Gentianacese (fig. 263), Cistace® (fig. 255), 
&c. In Tapa-cer we have the margins turned-in so as nearly to reach the 



Fig. 2S2. a. legume of Attfragalus ; b, croBB Fig. 263. Ovary of G-entiani 

flection, showing a falHediBsepiment formed Pig 254. Ovary of F*o/a. 

by the inflexion of the suture. Fig. 265. Ovary of OUtus. 


centre (as imperfect dissepiments) ; in some Hypericacero (IT, gravealens) 
the originally axile placentas become parietal by separation during the 
ripening of the fruit, while in Oucurhitace® the orimnally distinctly 
parietal, although greatly indexed^ margins ultimately cohere so as to form 
an axile placenta. ^ 

In Crucifer® we have an anomalous condition, where there are two 
double parietal placentas, but from the central line of each projects a plate 
passing across the cavity and forming a kind of spurious septum, called 
a replum ; so that each cell contains only the two half-placentas fonned 
by its own margins. 

Free central Placentas. — In some Orders, where the walls are 
as in the unilocular compound ovaries above described, the placentas 
are found as a free column or expanded mass in the centre of the 
common cavity. This forms the compound unilocular ovary with a 
free central plcieenta., . In Primulace®, Santalace®, and some other 
Orders, where this l^d of placentation occurs, the placentas are 
free from their very earliest state, and are seen to be direct pro- 
longations of the T^eptacle or axis within the carpels. 
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The appearance of a free central placenta is presented in Oaxyophyllaoeas 
by the obliteration of the partitions which pass between the outer walls and 
the centre of the carpels. 

By Baillon a peculiar process from the placentas over the ovules is called 
the obturator ; it is very conspicuous in Euphorbiaceae. 

Various modes of Placeutation. — The placentas have been spoken 
of as double, on account of their origin: where only one ovule 
exists in a cell, it is assumed that one at least is suppressed ; but 
this other is not unfrequently developed in the Cherry, Almond, 
&c. (causing the double kernels). In Jjeguminosa) the double pla- 
cental base is so narrow that the ovules are placed one over another, 
and form what appears like a single lijie. In Larkspur, Columbine, 
there is a distinct double row ; in manycases each placenta has 
a double row of ovules ; while axile placentas are frequently thick- 
ened and enlarged, so as to bear a large collection of ovules, closely 
packed. In Papaver the ovules exist all over the imperfect septa ; 
iu Nymphasa all over the sides of the dissepiments, and not at the 
'margins I in Butomus all over the inside of the carpels, j&c. Where 
ovules arise from the base of a carpel, either singly or in larger 
nmnbers, the placeutation is called basilar ; it is in most cases a 
slight modification of free central. 

The Style. — ^The styles require no particular notice beyond the 
statements already made, except in regard to their irregular posi- 
tion in some cases. The style is really produced from the apex of 
the carpel ; but in various Kosaceas the ovarian part of the struc- 
ture grows faster and so disproportionately that it leaves the style 
on one side {lateral) {Fragaria, hg, 250), and sometimes even grows 
out and up so much that the style, then called basilar^ seems to 
arise from the base {AlcJiemiUa). In the Boraginacem and Labiatas 
(fig. 205) a similar condition of the styles exists iu a compound pistil ; 
the styles in these plants are confluent, and arise as a solitary column 
from a deep depression in the centre of the 4-lobed ovary, com- 
municating with the cells near the base as in the Bosaceas referred 
to. These styles of Labiatao are called gynobasic, A dimorphic 
condition of the pistil especially affecting the length of the style is 
met with in some flowers, e, g. Primroses, some of which have short, 
others long styles, as explained under Fertilization. 

The Stigma. — ^Tbe stigma is either situated at the end of the 
style or, where this structure is wanting, it is sessile on the ovary. 
Instances of sessile stigmas are furnish^ by the compound pistils 
of Papaver (fig. 262), Nymphaeaceas, &c., where the stigmas form 
radiating ridges on the top of the flattened ovaries. The elongated 
stigmatic suriaces on the inner sides of the beak-like points of the 
simple pistils of Eanunculus and alhed plants are mmost to be 
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Fig. 256. Lateral style of /Vi^tfrio. 

Fig. 257. Pistil of a Grass, with feathe^ stigmas. 

Fig. 258. Pistil of a Grass, with penioillate stunnas. 

Fig. 259. Stigmas of Oronis. 

of most CaryophyllacesB. When it is properly terminal it exhibits 
a great variety of conditions, both as regards composition and 
structure. Its form is sometimes associated with the method of 
fertilization by insects or otherwise, as afterwards explained. 




Fig. 260. section of flower of JrM, the style terminating in erect petaloid stigmatio 

^ Oueumit ^tnu, with a short style and lobed stigma. 

Fig. 262. Orary otJ^apaver, with radiate sessile stigmas. 

It has been stated that the styles of compound ovaries are often dMnct ; 
the stigmas are also often distinct on compound styles, indicating the 
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number of constituent carpels. Moreover these distinct stigmas are occa<- 
sionally split down into two arms {stigmata hicruria), corresj^nding to 
the two placentas below : the one-celied ovary of Grasses and Compositce 
(tig. 2G4) bears a two-armed stigma ; and the stigmas of the compound 
ovaries of Euphorbia and some DrosertB are double the number of the 
carpels. Sometimes the distinct arms of ditierent carpels cohere, and 
form stigmas equal in number to the placentas, but alternating with them. 

Form and Position. — Stigmas, simple or compound, when distinct, 
are either terminal or lateral : in the latter case the stiginatic sur- 
face is on the ventral side. Their form is generally slender and 
thread-like, with a glandular stigmatic surface ; but in the Grasses 
the stigmas are feathery (tig. 257) or penicillate (fig. 258) ; in the 



Fig. 263. Flower of Zutula, with one style and filiform stigma?. 

Fig. 264. Linear stimnas of Composite plant, with papillose sarfaees. 

Fig. 26A Ovary of OolufM, with style and lat 0 ral stigma. 

Fig. 260. Open carpel of Pinus^ with two naked ovules at the base. 

Fig. 207. Young female blossom of Jumptrutt with the front oaipel removed, showing the 
naked ovn^es. 

Iridacem they are petaloid (fig. 259) or very much enlarged, ns in 
Iris (fig. 260) ; and in other cases they are capitate (fig. 256), 
lohed (fig. 261), peltate^ radiate (fig. 262), filiform (fig. 263), linear 
(fig. 264), &c. In Leguminosa^ the stigmatic surface of the simple 
style is lateral (fig. 265). 

The orifice of stigmas leading to the canal of Ihe style is more or less 
filled by the glandular and capillary processes which clothe their sur- 
faces; and, indeed, to the naked eye, the canal of the style does not 
appear permeable. 

Gymnospermoua Pistils. — ^The pistil of Gtymnospermous plants 
consists of scales or open carpels, collected into cones, bearing exposed 
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ovules, SO that no representative of the stylar or stigmatic regions 
exists here. Among the Coniferi©, Pinus and its allies have scalt- 
like carpels with a pair of ovules on the upper surface, at the base 
(fig. 266) ; the structure is analogous, although the form of the 
scale differs, in Thuja ; the Cypress has peltate scales, with nume- 
rous ovules ; in Junvperus each of the three scales has only one 
(fig. 207). In Taxus the ovule is a solitary structure, a kind of 
free ovule, growing out from the apex of a small cone formed of 
barren scales. In the .Cycadacea), CycuB has large leaf-like car- 
pels, with numerous marginal ovules; Zamia has peltate scales, 
more like Cuprmua^ with the ovules pendent from the thickened 
summit. 

By some authors what is above doscribed as a naked ovule is thought 
to be an ovary (see under Gyiuiiosperms). 

Sect. 10. PnoDucTs op the Essential Organs op Flowers. 

Ovules. — Ovules are the rudiments of seeds, and arise from the 
plaeenta.s situated in the ovaries of Angiospermous plants (figs. 
253-255), and on the margins or surface of the open carpels of 
Gymnosnermia (figs. 266, 267). They originate as cellular papilla) 
at an early stage of development of the ovary, and acquire a definite 
form and structure by the time the flower expands. 

Ovules are by some observers regaided, in part at least, as a kind of 
bud ; for not only do they appear in the positions occupied by adventi- 
tious buds on vegetative leaves, as in BryophyUvm, but abnormal loof-like 
carpels ofien bear bulb-like structures and foliaceous lobes, in place of 
the ovules, on their free margii^. By others they are considei'ed, at 
least so far as their outer coat is concerned, to be modified leaves or 
portions of such leaf. In most cases they originate from the margins 
or surface of a carpellary leaf ; but in some cases they originate irom 
the axis (free central placentation), and are then either lateral or 
terminal, as in Piperacese, where the end of the axis becomes the 
nucleus of the ovule. Other illustrations are aflbrded by Taxm, and 
Polygmum, 

Number. — ^The number of ovules in the ovary, or in one cell of 
a compound ovary, varies between wide limits. Thus the ovule is 
solitai^m the simple ovaries of Ranunculus^ Prunus (fig. 245), &c., 
in the compound ovaries of Polygonacese &c., and in each cell of 
the bilocular ovaries of the TJmbelliferse &c. ; the number is still 
small and definite in the simple pistils of many LeguminossB, in the 
cells of the compound ovary of Quercus^ &c. ; in a very large pro- 
portion of compound ovaries, whether unilocular or multilocular, 
the ovules are very numerous on each placental surface, and they 
are termed indefinite^ as in Ptimula^ Papaver^ &c. &c. 
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Fnniciiliu. — A fully developed ovule is usually attached to the 
placenta by a short stalk, called fanimlvi,8^ podosperm^ or 
lical cord ; where this stalk does not exist, the ovule is sessile ; in a 
few cases the funiculus is very much elongated (Plumbaginacecc). 

Belative Position. — Special terms are used to indicate the posi- 
tion occupied by ovules in the ovary, and more particularly their 
direction. If the placenta is at the base of the ovary, and the 
ovule, springing from that situation, points upward, as in Polygo- 
naceas and Compositae, the ovule is called erect ; if it is attach^ at 
the summit, and hangs straight down, as in the Birch, Dipsaceao, 
&c., it is suspended ; when the placenta is central or parietal, the 
ovule may turn upwards and be aseeuding^ may point straight out- 
wards or inwards and be horizontal, or may turn downwards and 
bo pendulous. In Plumbaginacese the ovule is suspended from the 
end of a long funiculus, wWch arises from the base of the ovary as 
in the erect condition. 

Where numerous ovules exist on a central placenta, it is very common 
to tind the upper ones ascending, the middle horizontal, and the lower 
pendulous, so that the direction becomes indefinite. 

Parts of an Ovule. — The ovule arises from the placenta as a 
conical papilla, which soon becomes elongated into an oval body, 
the nucleus, raised on the stalk or funiculus. By the time the 
dow’er opens, the nucleus (figs. 268-270, a) generally becomes 
covered up by the coats or envelopes, which originate as circular ridges 
from the point where the funiculus is attached, and gradually grow 
up over the nucleus. The coats do not completely close in the 
ovule, but leave an opening at its summit, called the micropyle or 
foramen (figs. 268-270, 6). The base of the nucleus, where the 
coats arise, is called the ehalaza ; the internal coat (the secundine 
of Mirbel) is the first formed ; it is denominated the integumentum 
internum, or the legmen \ where only one coat exists, it is called the 
integumentum simplex. The outer coat, which grows up after the 
inner (the prvmine of Mirbel), is called the integumentum externum, 
or sometimes the testa. Sometimes, as in Welwitschiaf the primine 
is prolonged beyond the apex of the ovule in the form of a tube 
greatly resembling a style (see under Guetace®). The orifid^ named 
the micropyle forms a canal passing through both coats down to the 
point of the nucleus ; and the portions passing through the outer and 
inner integuments are often called, respectivelj^, the exostome and 
endostome. The point where the seed afteru’ards breaks away from 
the funiculus is marked by a scar, which is called the hilum. 

In the Mistletoe the nucleus is naked, no coats being formed ; in many 
cases there is only one coat; most ovuIm of Monocotyledons have two. 
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The coats of the ovule are usually regarded as foliar in their nature, the 
nucleus as axial — by others as a trichome ” or superficial emergence 
from the foliar coat of the ovule. The nucleus may be regarded as the 
equivalent of a macrosporangium among higher Cryptogams. 

The above is a description of the ovule of what mav be called the normal 
form, such as we find in Polygonunif &c. : where the nucleus is straight 
and the microinfle is at the end opposite the attachment of the ftmiciUm, 
and the chalaza next the placenta, such an ovule is called straight, or, more 
technically, atropotis or orthotropotis (fig. SC8). 

Inversion and Cnrvation of the Ovnles. — ^Very frequently the 
funiculus grows in a state of confluence with the outer integu- 
ment, during the development of the ovule, so as to push up the 
base of the nucleus until it is completely inverted (fig. 269), and 


Fig. 268. Fig. 209. Fig. 270. 



Bia^mmatio vertioal aectiona of ovules: a. the nucleus; 6, the mioropyle; c, chalasa; 

dt raphe. 

Fig. 26d. An atropous or orthotropous ovule. 

Fig. 209. An anatropous ovule. Fig. 270. A oampylotropous ovule. 

the micropyle (6) points to the placenta, while the chalaza (c) is at 
the opposite end, the nucleus being straight as in orthotropous 
ovules ; this is the inverted or anatropms condition (Composite, 
Liliacesc, &c.) ; and as the funiculus is confluent with the outer 
coat, the hilum (the external point of junction of ihefirnkulus with 
the body of the ovule) is left in its original position, and therefore 
close beside the inverted micropyle. The adherent portion of the 
funiculus often forms a kind of ridge extending from the hilum to 
the chalaza : this is termed the raphe (fig. 269, d). Other ovules 
become anatropous not by reflexioir, but by unequd growth. 

The inverted ovule is a straight ovule with a long funiculus confiuent 
with the outer coat: in Fumana (Cistacees) the real condition often 
actually illustrates tjj^is ; and in seeds formed from anatropous ovules the 
ra^e sometimes separates {ZypophyUum, WiUdemmia), 

The position of the raphe with reference to the ovule varies in difierent 
cases ; sometimes it is ventral, or on the side of the ovule nearest to the 
placenta, sometimes dorsal, at other times kdercd. 

A curved or campyhtropous ovule (fig. 270) is formed by the 
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bending over of the nucleus upon itself in the form of the letter U, 
carrying the micropyle (b) over, but leading the ehalaza in its natural 
vicinity to the hilum. . There is no raphe in such ovules. 

Another condition more rarely met with is the horizontal or 
amphitrcpous ovule, intermediate between straight and inverted, the 
adherent funiculus pushing up the chalaza at one end, while the 
micropyle descends in a corresponding degree, until the axis of the 
ovule becomes horizontal, and parallel with instead of at right angles 
to the placenta. 

In the first instance all ovules are straight, but they mostly become 
curved during the course of their development. 

The Embryo-sac. — At the time when the fiower expands, there 
exists a more or less considerable sac or cavity excavated in the 
substance of the nucleus, the upper end of which sac is situated 
just within the apex. This cavity is called the (ymbryo^ac, being 
really a sac or bag with a proper wall, within which the embryo or 
rudiment of the future plant is developed after fecundation. It is 
analogous to the majcroepore of Cryptogamous plants. 

The phenomena of fecundation and of the early development of the 
embryo, together with the minutiae of the anatomy of ovules, are reserved 
for the Physiological part of this work. 

The further morphological peculiaxities of the ovular structures will 
fall best under the head of the eeed or completed product, previously to 
examining which we must follow out the ultimate history of the pistils 
and associated organs forming the fruity in which the ripe seeds are 
found. 

The Fruit. — ^The fertilization of the ovules usually takes place 
soon after the opening of the flowers, or sometimes even before 
their expansion. During the subsequent changes by which the 
ovules are converted into seeds, the ovary (and occasionally other 
parts of the flower) undergoes further development, and l^omes 
what is technically called the fruit or seed-vessel. 

Ghangea during the ripening of the Fruit. — Generally the stamens 
and corolla, and not unfrequently the calyx also, fall away or wither up 
after fertilization, and the styles, with the stigmas, mostly disappear ; but 
the style sometimes persists, and even undergMs enlaii^ment, forming a 
kind of heck or tail to the fruit, especially in simple fruits formed of one 
carpel {BanuneultUj ClematMj Qeum^ fig. 289, &c.). The calyx, when 
inferior^ remains in many cases as a loose cup or envelope surrounding 
the fruit (ns in Labiates, many Solanacees, fig. 184, &c.) ; or, when ewpemr, 
its segments, enlarged or withered, form a kind of crown to the fruit (Com- 
posites, Gampwulacees, &c., fig. 283), and the tubes of adherent calyces 
always enter into the composition oi the inferior fruits (figs. 298-^3). 
In some cases the calyx and the corolla, in other cases the receptacle. 
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become blended with the ovary or ovaries to form the fruit ; and a still 
more complex kind of fruit is formed by all the flowers of an inflo- 
rescence becoming conjoined into a common structure during the ripemng 
of the seed, so as to form a collective fruit, such as occurs in the Pine- 
apple (fig. 308), Mulberry (fig. 307), Bread-fruit, the Fig (fig. 300), 
cones of Firs, &c. 

Considered as developments of the carpels alone, many fruits in their 
mature condition depart widely in appearance from the ovaries from 
which they are produced, the morphology of fruits exhibiting perhaps 
more remarkable cases of actual metamorphosis than any other parts of 
plants. Hence it is often difiicult to judge from a fruit what kind of 
pistil the flower has possessed, and the structure of fruits can only be 
understood by a study of their progressive development from the imma- 
ture to the mature condition. 

The most important source of change is the mj^emon of chflknbers or 
loculi of the ovary, together with the aboition of ovules. Thus the flower 
of the Birch has a two-celled ovary with one ovule in each cell ; but one 
cell with its ovule is constantly abortive and almost entirely disappears in 


Fig. 271. Fig. 272. 



Fig. 271. Female flower of the Oak: a, vertical section; by cross section. 
Fig. 272. Fruit of the Lime iTilia ) : a, entire ; 6. cross section. 


the fruit. In the female flower of the Oak and hazel-nut there are three 
cells, each with two ovules (fig. 271) ; but only one cell is found in the ripe 
fruit, and this is filled by one solitary remaining seed, as we find in the 
Acorn or nut. In the Lime there are several ceUs in the ovary, but gene- 
rally all but one are obliterated in the fruit (fig. 272) ; and similar cased are 
by no means uncommon. In these cases the dissepiments, called in the 
fruit septa, are not broken down, but pushed to one side and obliterated 
by the pressure exercised by the developed seed. 

On me other hand spurious partiflons are sometimes formed, as in 
Datura Stramonium, which has a four-celled fruit derived from a two- 
celled ovary : and in the nods of Leguminosm cross partitions are often 
produced between the seeds. 

The original conditions are frequently still further concealed by the 
alterations in the texture of the coverings of the fruit, next to be de- 
scribed. 

The Pericarp.— The wall ’’ of the fruit is the substance formed 
f rom the carpels, or (when present) from the other component 
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atractures. It constitutes the case enclosing the ripe seed or 
seeds, and is called the perkarjfi. The pericarp is of very different 
structure in different fruits. When the fruit is mature, it may be 
dry, mmbrarims^ leathery (coriaceoua), woody, or succulent ; or it 
may be succulent externally and woody within, or succulent in- 
ternally and woody or leathery outside. 

The ripe pods of common Peas afford examples of a dry membranous 
pericarp ; the Flags {Iris) have a leathery pericarp ; the common llazel- 
nut &c. have a woody pericarp. The pericarps of the Grape and the 
Gooseberry are succulisnt or baccate. The Plum, Cherry, &c. are succu- 
lent externally and woody within (drupaceous) ; the Orange, the Pome- 
granate, the Ihimpkin, &c. are succulent within and leathery or horny 
outside. 

When the pericarp is uniformly membranous or woody, without dis- 
tinction of layers, no subdivisions terms are applied to it. The same 
holds good in respect to the simple succulent pericarp of such fruits as the 
Grape and Gooseoei^. When there is a distinction into layers, formed 
by a gradual alteration of the texture of the inner and outer parte during 
maturation, we distinguish between an epicarp and an endocarp or pyrene . — 
as, for example, in the Plum, Cherry, Walnut. &c., where there is a suc- 
culent epicarp, and a woody endocarp -forming the stone ; the core ” 
of the .f^ple is a membranous endooarp. When a fruit, such as the 
Orange, Pomegranate, Litchi, &c., is firm externally^ with a leathery or 
woody epicarp and a succulent endocarp, the latter is generally derived 
from development from the placental rerions. In common stoiie-fruite ” 
the two regions are often distin^ished oy the names sarcocarp (or pulp) 
and putamen oipyrem. In the Date-Palm (fig. 280) the stone ” consists 
of the albumbious seed, which is invested by a succulent pericarp. In 
oilier Palms, such as Areca, the pericarp is fibrous. In hard-rinded suc- 
culent fruits we have an internal satcocarp enclosed by a cortex or rind. 

hlany authors, following De Candolle, divide the pericarp into epicarp, 
mesocarp, and endocarp. It may be observed here that the distinction 
between enaocarp and epicarp, in the common stone-fruits, arises entirely 
during the ripening of the fruit •, the two regions are originally alike and 
undistinguishable ; it is well known that the easy separation of the pulp 
from the stone is a sign of ripeness. 

. DehiaceitGe of Fruit — Some fruits, more particularly the succu- 
lent kinds, but dso many dry fruits, do not burst to discharge 
their seed or seeds when ripe; these are called indehiseent fruits. 
The pericarp rots away, or is broken irregularly or perorated 
when the seed germinates. Most dry fruits, more particularly 
those formed of more than one carpel, burst open or separate into 
pieces in a regular manner when mature, and are consequently 
ddiisemU 

Dehiscence takes place generally (1) by the separation or splitting 
of the sutures of the carpels in a vertical direction, or (2) by the disso- 
ciation of coherent carpels, or (3) by both together. The parts which 
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separate in the first way are called valves ; and this mode of burst- 
ing is termed mtural or valvular dehiscence. The separated carpels 
in the second mode are called coed if they do not open as explained 
in a subsequent paragraph. Sometimes the valves only separate 
for a certain distance from the summit, forming teeth (fig. 273). 
In a few cases the dehiscence is porous ; in others the upper end 
of the fruit falls off like a lid, by transverse or drcumscissile dehis-- 
eence (fig. 274). 

Fig. 273. 


273. Burst capsule of CfratUum, ^ 

Fig. 274. Capsule of Antigtdlia (sometimes called a pyxis), opening by circiunaciBBile dehis- 
oence. 

Fig. 276. Burst fruit of Jllieium (Star Anise). 

Valvular Dehiscence. — When the dehiscence is valvular the 
fruit is named bi-, tri-, multivalvular according to the number of 
valves or pieces into which it splits. This mode of dehiscence is 
subject to several modifications, according as the splitting takes 
place through the dorsal or through the ventral suture, or through 
both at the same time. It is still further complicated by the cir- 
cumstance that the placentas sometimes remain attached to the 
valves, while at other times they break away from the y^lves, as in 
the condition called septifragal. 

A few examples may be here g^ven of the various modes in which 
valvular dehiscence is effected ; and the student will find the subject far 
more readily intelligible if he refer to some collection of seed-vessels Where 
the fruits are correctly named. In the case of simple or of apocarpous 
ff uits, there is no partition or dissepiment, the cavity ^ing simple ; in such 
cases valvular dehiscence takes place^: — a, through the ventral suture, as 
in the Columbine (Aquilegia)^ the Star Anise {IlHciwny fig. 276) ; or, 
through the dorsal sutuie, as in Magn6Ua\ or, y, through bolli sutures 
at the same time, as in the pod of the Pea and other Leguminous plants 
(fig. 286). In this latter case there are two valves, but only a single 
caimel. 

In unUoetdar syncarpous fruits, where the compound carpels cohere by 
their edges which are not infolded, dehiscence takes place : — a, through the 
ventral sutures, when the placentas are found on the margins of the valves, 
as in Gentians (fig. 263), each valve in this case representing a carpel; j3. 



Fig. 274. Fig. 276. 
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through the dorsal sutures, when the placentas will be found in the middle 
of the valves, as in the Violet (fig. 254). In such fruits each valve consists 
of two half-carpels combined. In the Orchidacem the cansules dehisce 
in the manner last described, with this further peculiarity — tnat the vidves, 
bearing the placentas in the middle, separate firom the midribs or dorsal 
sutures, leaving these latter attached together at the top, and thus forming 
an open framework supporting the remains of the perianth. 

In mtdtUocular syncarpmta fruits, where the sides and margins of the 
component carpels are infolded, so as to form partitions or dissepiments, 
the dehiscence is likewise through the dorsal, or ventral, or through both 
sutures ; thus dehiscence takes place : — a, loctdictdalli/f through the dorsal 
sutures, so as to open the loculus or cavity of the carpel from behind ; 
each valve in this case represents two half-carpels (figs. 277, 278) ; or, /3, 
septicidaUt/j through the septa, so as to isolate the previously combined 
carpels (fig. 276). Each segment in this case represents an entire carpel. 


Fig. 276. 


Fig. 277. 


Fig. 278. 





Fig. 270. Ripe fruit of Oeraniwiit the tailed rocoi separating elastioally fln>iprthe carpophore. 
Fig. 277. Burst capsule of Iri»t with loouiiddal dehisoenoe. 

Fig. 278. The same in cross section. 


Septicidal and loculicidal dehiscence may occur in the same fruit, as 
in the Fo.Yglove (Digitalis) , the capsule of which first divides into its 
constituent carpels septicidfdly, and afterwards each carpel splits loculi- 
cidally into two valves ; the four valves so produced represent each a 
half-carpel. 

Both the loculicidfd and septicidal modes of dehiscence are sometimes 
associated with what is termed septifragal dehiscence. This odcurs when 
the s^ta or partitions bearing the placentas are broken across ; the effect 
of this is that the valves breauc away firom the placentas, leaving part or 
the whole of the latter standing in the centre of the firuit on a kind of 
column, as in Andromeda^ Convolvulus^ Bhododefidron^ &c. Septifragal 
dehiscence takes place by itself in the smques or pods of Cruciferse, where 
the valves separate from the parietal placentas, leaving them in the centre 
suraorting the ovules (figs. ^5 & 296). 

Schizooaros. — In some instances, as in GaiUum)^e carpels separate one 
from the other without opening, in such a case the term scnkocarp is 
employed to designate the whme fruit, while its component carpels are 
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called cocci f or where there are two, as in Umbellifers, fnericarps (fig. 800). 
More fi'equentlj the caipels not only separate septicidalW but each one 
bursts, through the dorsal suture, as in Geranium (fig. 276), or through 
the ventral suture, as in Colchicum, 

Dehiscence by teeth only difibrs fi-om that by valves in the smaller 
degree of separation. The fruits or seed-vessels of Oaryophyllace® 
dehisce by teeth. Sometimes the teeth are equal in number to tne carpels, 
as when the dehiscence is through the ventral sutures only (Lychnis) ; 
sometimes double the number of the carpels, when the splitting takes 
place through both sutures (Dianthus) (fig. 273). 

Porous Dehiscence arises from the formation of orifices in 
the walls of a dry capsule, allowing the seeds to escape. In the 
Poppy (Papaver) a circle of is formed round the upper edge 
of the fruit, just beneath the stigma ; in Antirrhinum and Linaria 
there are two or three orifices near the summit of the capsule ; in 
some Campanulas a pore is formed at the base of each cell. 

In all these cases the orifices are formed from thin spots in the walls, 
which tear open, their cjdges curling back in more or less regular teeth : 
the dehiac(ince of Antirrhmum is connected by that of Scropftttliiria, Dir/t- 
tah\ kc. with the dehiscence into a crown of teeth as in Primula and 
Cnryophyllaceffi. 

Transverse or Circumscissile Dehiscence, observed in the mem- 
branous capsules of Hyoscyamus (fig. 294), Anayallis (fig. 274), 
Plantayo^ &c., and in the woody fruits of Lecythis, arises from a 
transverse fissure running round the wall and splitting off the upper 
part of tlie fruit like a lid. A dehiscence analogous to this occurs 
in the hmento of various Leguminosm, which break across in several 
places between the seeds. 

In these cases a kind of articulation is produced, by the tissue of the 
pericarp remaining more delicate in the line of dehiscence, so that it 
becomes tom by the hygromotric contraction or expansion of the firmer 
parts above and below, after the fruit has become mature. 

Period of Dehiscence. — Ilehiscence does not usually take place until 
the seeds art) ripe ; but in Mignonette (Peseda) the ovary opens before ; in 
Lcontice thalictroides tlie ovary bursts very early, and the seed ripens in a 
naked condition. In Impatiens and some other plants dehiscence takes 
place suddenly with considerable force, the valves separating and rapidly 
curling up. In Elaterium the pedunefe separates in a similar sudden way 
from the ripe fruit, and the seeds are forcibly ejected. 

Fmit of Gymnosperms. — ^In Gynmosperms there is of course no 
proper dehiscence ; but in most cases the carpellary scales of the 
female cones, which are separate to some extent during fertiliza- 
tion, frequently close up together so as to form an apparently solid 
body while the seeds are ripening, as in Pinus^ Gupressus^ Thuja^ 
&c. (fig. 309). The scales open again when the see^ are ripe, 
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but in Bome cases not for many years, and in other cases they 
separate firom axis* In Juniperug the scales became succuleDil!. 
In Taofus the SoUtaiy ovule is naked ; but dturing the ripening of 
the seed a succulent cUp-like envelope grows up round it. 

Forms of Fruit— The forms of perfect fruit are distinguished 
by techi^eal names, and in defining them it is desirable .to classify 
them in some way. The classification which conveys the greatest 
amount of information is that founded primarily on the con- 
struction of fruits. 

Fruits may be divided first into free or monothalamie 
formed from single flowers, and confluent fruits^ formed of the 
blended flowers of an inflorescence. The term ]^lythalantic has 
been conveniently applied to fruits of this Jatter kind. 

Free fruits mayhe divided into : — 1. Apocarpous fruits^ where the 
constituent carpels are solitary, or, if more than one, separate ; 2. 
tSyncarpous fl'uits, formed of compound ovaries, and consisting of 
(a) superior fruits when the calyx is free, and (6) inferior fruits 
when the tube of the receptacle or of the calyx is n^herent. 

Confluent fruits require no corr^ponding subdivision. 

The following are the terms most usually employed, and very many 
more might be enumerated; hut botanists now content themselves with a 
few well-defined types, and fur the rest use such terms as capsular, baccate, 
&C., to indicate the general nature of the fruit, as more rigidly applied 
terms are not only cumbersome, but often fail in practice. 

• Apocarpous Fruits, 

AchflBniuui. — ^The Achatnium is a small, dry, indehiscent, one-* 
seeded pericarp, tipped with the remains of the style, and with 
the seed free in the interior, except at the point of attachment. 

This fruit is rarely found solitary, as in AhhemiUa ; it usually forms 
.. Fig. 280, 
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part of a multiple fruit, as in Eammculus, Geum (fig. 289), &c., where 
they occur on a dry receptacle or thalamus, or as in the Strawberry, where 
they occur imbedded in a succulent receptacle. Achaenia are popularly 
mistaken for seeds, from which they may be known by the stylar beak 
and by the seed lying loose inside. 

The term achasnium is often loo^y lulled to the halves of Umbel- 
liferous fruits (fig. 300), the cocci of Mallows, the nucules or nuts of 
Boraginaceas, Lamates, &c. (the carceruh of some authors) (fig. 282), and 
to the cypHdce of rompositCB (figs. 28.3-286). 

Fig. 283. Kg. 286. 



Kg. 2’^3. Cv])spU of Storzotura • Fig 284 Cvpsola otBidem 

Fig. 2S5. Cjpselu shced \er<ac>tiUy, to shovi t)ie seed within. 

Drupe. — The Bnipe is a one-celled fleshy fruit, represented 
by stone-fruits formed from a single pistil, such as the Cherry or 
Plum, where the stone is formed by the inner part of the pericarp, 
and tho pulp by the outer part. • 

In common stone-fruits tho drupe is solitary ; but minute drupes formed 
on the same plan are asseuiblod together on the receptacle of the liasp- 
berry and Blackberry (fig. 2J)0). The term drupe is often improperly 
applied to the compound stone-fruits, like the Ooc*oa-ziut, &c., — or to the 
Date, where the stone is formed by the seed alone, and the pulp by the 
pericarp (fig. 280). Fruits of this general kind are called drupaceous. 

Follicle. — The Follicle is a simple pod, splitting Aown the ven- 
tral suture only, and bearing the numerous ovules on its margins. 

lliis rarely occurs solitary, but mostly combined with others in a circle, 
as in AyuHegitty Sempervimm (fig. 281), &c. j and they are then often 
coherent at the base. * 

Legume.—The Legume is a one- or many-seeded simple fruit, 
usually splitting down both sutures, with the placentas on the 
margins of the ventral suture. ^ 

In most cases the legume is elongated and pdd-like (fig. 280), as in the 
Pea, &c. ; but mmetimes it is curved or even spirally coiled like a snail’s 
shell, as in Medicago (fig. 287), or lobed and knotted, as in Acacia (fig. 288). 
In Astragalus a spurious sutural septum is formed by projection mward 
of one of the sutures (fig. 262). 
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The lomerUmn is a modification of the legume, either wholly inde- 
hiscent, or constrieted iBto joints between the seeds and sometimes falling 


Fig. 286. 



Fig. £86. Jjemme of Pea, boftt. 

Fig. 287. a. Curled legume of Medwago §utioa; b, of Altdieago orbieularU, 
Fig. 288. liegume of an Aoaeia, 


to pieces in these situations, as in Omithopusj Desmodinm, &c. In the 
1 omentum of Vama (e. g. Cama Fistula) there are many false cross septa. 

Fig. 289. 



Fig. 269. MdHaple ihiit of Om^n, ottt wrticallj (a) to show the Httacliment of the oomiwnent 
acuMnia (b) on a dn,reee];»tacle. 

Fig. 290. KultipU fridt of Blaokberry {Eubus}^ cutverticaUr, showing the spongj ceoeptacle 
covered with little dnipea 


Syncarpms Fruits — Superior, 

« 

Caryopsis* — ^The Garyopsis is the one-seeded fruit of the 
Grasses, composed of two or, rarely, three carpels, which form a 
dry pericarp inseparable from the seed. In practice it is hardly 
recognizable from the achene, except in the last-mentioned charao^ 
teristic. 

L 2 
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Samftrar-^he Samara is a two- or more-oelled, few-seeded, 
dry, mdehisceTit fruit, which has a membranous wing or wings 


Fig. 292. 



Fig. 2P1. Double samara of the Maple (Aegr). 

Fig. 292. Pamara of the Elm < Utwu» eampttirU). 
Fig. 293. Bamaroid fruit of the Birch {Betula oHm). 


developed from the pericarp — as in Acer (fig. 291), Ulmns (fig. 292), 
and the little fruits of the catkin of the Birch (fig. 293). Practi- 
cally this may be regarded as one or more achenes with winged 
pericarps. 

Pyxis. — The Py>vis is a one- or more-celled, many-seeded 
fruit, the upper part of w’hich falls off like a lid by circumscissile 
dehiscence, as in Anagallis (fig. 274), Hyoscyamm (fig, 294), Zecy- 
this, &c. It differs from the capsule merely in its transverse de- 
hiscence. 

Siliqns. — This is a two-valved linear pod, the valves of which 
separate septifragally from a kind of frame, with a more or less 
perfect false septum (rephm) stretched across it, the parietal 
placentas being attached to the frame, as in Sinapis (fig. 295), 
Cheiranihus, Ac. It is the characteristic fruit of Crucifers. 

The Silicula (diminutive of the last^ is merely a short and broad 
siliqua, often most expanded in the direction at right angles to the 
Ihe valves sometimes winged — Thla^i (fig, 296), CapseUa, Ac. 

When the replum is imperfect, it is said to he fenestrate ; or it may be 
destroyed altogether. Some siliquns and siliculas do not burst by valves 
— Orambe, JRapJuams, Isatis (fig. 297), Ac. 

Capsule. — The Capsule includes all the remaining kinds of 

S f fruits, membranous or woody, formed of one-celled or mafiy- 
led compound ovaries, which dehisce more or less completely by 
regular valves, equal in number to or double that of the carpels (/rts, 
Colehieum, Caryophyllaceas, Digitalis, Primula, Ac.), or by pores 
{Jb^rhinum, Papaver), Its mode of d^scence may be septici^l, 
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locnHddal, (Hr sepia&agal. Fruits of this general cbanuster aie eaQed 
capsular. 


Pig. 294. Pig. 296. Pig. 296. 



Fig. 394. Pjxis of Ujfo$ej/amu», enolofled in iho drj oaljx. 

Fig. 306. Burst sUiqtun of Sinuipit, th.« ndyos separating from the sutures supporting the 
replum. 

Fig. 396. BunK siliole of ntani. 

Fig. 397. lodehiioeat fruit of IsaHa : a, entire; b, a orosi seotioD. 

Syncarpovx Fruits — Inferior. 

Gians. — ^The Ola'ns is a hard, dry, indehiscent fruit, spuri- 
ously one-celled from suppression, usually one-seeded, seated in a 
persistent involucre forming a cupule. In the Acom and Hazel- 
nut there is a single gland in each cupule or cup, while in the Seech 
and Chestnut thm are several. 

The ovar^ of the Oak is S-celled, with two ovules in eadkestt; but 
two cells with their ovules, together with one ovule of the frrtile ceil, 
are suppressed, and the wall of the ovary (fig. 271) is converted into a bony 
shell, completely filled by the remaining seed. The ovary of the Birch is 
also d-celled, that of the Hazel 2-celled, that of the Chestnut 8-8-celled ; 
and similar suppresnion takes place. The inferior character of the fruit is 
marked, especiwy in the Chestnut, by the remains of the teeth of the 
calyx on the summit (fig. 216, p. 117). In the Acom the gland is naked 
id>ove, seated in a cup ; in the Hazel the leafy cupule envelopes it ; and in 
the Chestnut and Beech the spiny cupule endoees several 

Cremooarp. — The Crembearj^ is a scbizctepous or splitting 
fruit, consisting of two inferior adienes fonm from « two- or 
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fieveral-celled compound inferior ovary, the cells of which separate 
when ripe as indehiscent ooeei. The separate halves of the two* 
celled fruit of Umbelliferm are frequently called merkarps (figs. 
208-300) {Galium and many other Kubiacese, &c.)* 



Fi((. 29fl. Frnit of (Enanfh^, the halrofi not separated. 

Fiff. 299. Cross section of the fruit of the Carrot. 

Fig*. 800. Fruit of Umbclliferas, the merioarps separated and haagiiig from tho carpophore. 


Bacca, or Berry. — The Bacca, or true berry, is an inferior 
succulent fruit, crowned by the withered teeth of the calyx ; it is 
uniformly pulpy, with a thin skin, the. numerous seeds bring im- 
bedded in the pulp— Gooseberry, Currant, Cornel (fig. 302), Ac. 
The term “ baccate ” is now generally applied to all succulent fruits, 
whether superior or inferior, which have not a distinct stone like a 
drupe, as fig. 301. , 


Hg. 803. 



Fftfi SOI. KaoDlaoiimi, ora. or sapenor borrj ctSokumm^ oat acroM. 
Fig. 309, Beany of Oomel (Cbmut mo#). ^ 

Fig. SOS. Yertm section of pome Hjlffrpihu (Medlar). 

Fig. |KM. Oioaa loetion of the pepo of Onoomber. 
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Pome.— The Pomum (fig. 305) 
isacompoand, maay-ceU^ suc- 
culent fruit, in which the epicarp 
isfieshy, while theehdocarp forma 
either c^ibginous linings and 
partltiona.to the cells (a “ core”), 
or bony shells around the more 
or less separated cells — Apple, 
Quince, Medlar (fig. 303), Haw- 
thorn, S^. The fieshy portion 
of the pome consists of a dilata- 
tion of the upper end of the 
flower-stalk, in which the true 
carpels are imbedded. 


Pig. 306. 



Fome of Apple. 


Pepo. — ^The Gourd is a succulent inferior one-celled fruit, with 


the seeds on three parietal placentas, imbedded in i^iilp, which often 
fills up the cavity; the epicarp is more or less leathery (Oucu^jber, 
fig.^ 304), or thickened and indurated (Gourd). 


Infrupseenees or Oonjluent Fruits^ 

Syconus. — ^The Syconus is a succulent fruit, formed of an en- 
larged fleshy eiccavated or concave flowering axis, in which are im- 
bedded numerous separate fruits with dry pericarps. In the Fig 
the seed-likn pericarps are seated on the walls of the intern^ 
cavity (fig. ^^6); in Dorstenia they are imbedded in the concave- 
topped common receptacle. 

Fig. 308. 



Fa 806. TsrtM Motion of the FSs (Ften* CMea), 
Fa* 807. Frni^ of (JHarut n^). 

• Fa 806 . Frail of FiBo-«|^a (jingnaua MtiiM). 
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Sorosifl.— The Sorons diSers from the foregoing 
by the substance of the ^nslatuent pericarps, 
formed of the ovaries and ]^ral envelopes of the 
flowers, becoming pulpy and confluent with each 
other (Morus, flg. 307), and sometimes with the 
succulent axis of the inflorescence (Fine-^pple, 
fig. 308, Bi’ead-fruit). 

Strobilus. — The Strohilus^ or Gone, is the cha- 
racteristic fruit of the Gymndsperms, consisting 
mostly of a conical or ovate mass of* imbricated 
scales, with seeds in their axils (or on their bor- 
ders, Cycas\ each scale being ,the development 
of a single carpel, representing a female flower 
(PinuSj fig. 300). 

The OtUbtdus is a kind of cone with few scales, .which 
have their heads 'thickened and forming the periphery 
of atomewhat globular mass, dry (Oupressus), or some- 
times succulent (Jtmipenis^ fig. §67). 

The Seed. 


Fig.d09. 



Formation of the Seed. — ^The consequence of the fecunda- 
tion of the ovule is the development of an embryo in the embryo- 
sac (p. 130) ; and during the maturation of the fruit the ovules are 
perfected into seeds, the essential character of which is, that they 
are independent reproductive bodies, containing an emhryo or rudi- 
mentary plant at the time when they are cast off by the parent 
(fig.31lB,s). 

Fig. 310. 



Fig. 310 . SsotloQ of an Umbelliferous flower, showing the two seeds In tUu, eeoli oontaiiilng 
an embryo at the upper end, imbedded in albumen. 

Fig 811 . Seed of Castor-oil plant external view; rertioal section: a. Mlasi: 

A yatoropg^e, with an ariUode around it; e, raphe, leading to (d) the edofa s a ; e, 
mnbtyo* with foiiaoeous oo^Mont, snd radioU pointing to the micrsfigle; /, peW- 
tptrm or cMummt, 
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The seed remains attached to the placenta of ihe fruit, until 
mature, by the funiculus, from whi^it ultimately separates by an 
articulation, so that a scar is left, cffled the hilum. 

The dircolion and position of the seeds in the cells of the fruit, as 
well as the modes of curvature, indicated externally by the relative posi- 
tions of the bilum (frg. 811, a), micropyle {b), chalaza (d), and raphe {c), 
are the same as in tne case of the ovule ; and the same terms are maae 
use of in describing their peculiaiiti^. 

The fiice of a se^ is the side or edj^ turned towards the placenta from 
which it arises. 

The direction of seeds may differ from that of the ovules, by alteration 
in the shape of the ovary, abortion of ovules, It may be noted that 
anatropous ovules normally haye the raphe newt the placenta if ascending 
or suspeadsdy So that the raphe indicates the face. 

Farts of the Seed. — The seed consists of the proper body of the 
seed and its integuments, to which in some cases are added appen- 
dages of various kinds. 

The outer coat of the seed, called the testa, completely encloses 
it, marked, however, by the microscopic orifice of the micropyle, 
and by the hilum, or soar of the funiculus. The testa presents the 
greatest possible variety of conditions of texture, from membra- 
nous, horny, woody, l>ony hardness, on the one hand, to a 
leathery or aoft, pmpy condition on the other. The dry forms 
frequently exhibit beautifully regular markings, such as minute 
ridges, reticulations (Poppy, Silene^ Sic.), spines {Stel- 
laria, ^.);*or the margins are produced into sharp Kg. 812. 
edges or broad wings {Bignonia, Finus, fig. 312) ; or it 
bears a crown of hairs, or coma, at one end, as in Epi-- V 
lohvum, Aschpias, &c. ; or it is completely covered with V' M 
liong hairs, as in the Cotton plant : while in various Vjm 

Polemoniacee, Labiates, &c, {OoHomia 4&c.) it is clothed mV 

with microscopic hairs, which expand elastically and MW 
dissolve into a kind of mucilage when wetted. Some- Ir 
times the testa is loose, and forms a kind of sac around whwediaed 
the bodjr of the seed, as in Orchidacem, Fyrola, Ac. 

The vnner ifUegumeni, the tegmen or endoplewra, is not generally 
dbtinguishable ; when it is, it il usually whitish and dedicate. 

The reference of the integuments of the seed to their eleihents in the 
ovule is a subject of neat complexity, since there appe^ to be no rules 
as to what regions of the ovule, from the nucleus outward, shall remain 
distinguishable or ent^r into the composition of the coats. The testa is 
commonly formed of the pnmins and secundine (p. 137) of the ovule con- 
jdin^. The tegmen sesms to, originate sometimes from the secundine, 
Bometimes from the substance of the nucleus, Ac. Small indehUcent fruits, 
Boohas the achasoiaef JSSsmiiKai/^ 818) or of Borages (fig. 282, p. 146), 
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are liable to be mistaken for seeds when detached ; they are knotm by 
the remains of the style, and by the complete seed with its proper coat 
being distinguishable on opening the pericarp (fig* 313). 

Fig. 315. 



Big. U13, Yertioal section of an achaDnium of Ranuneultu, showing the seed within the peri* 
carp and with a minute embryo in the albumen. 

7ig. 314. Section of the seed of showing the straight embryo in the aais of the peri- 
^ merm or albumen. 

Fig. 315. Section of the caryopsis of Wheat* showing the abundant periq^enn* a* with the 
embryo, h, at the Inue, outside. 

Fig. 816. Section of the seed of /ru. with the embryo enclosed in the perisperm. 

Enationa from the Seed. — A. considerable number of seeds 
possess a coat or appendage distinct from the proper integument, 
and produced entirely during the development of the seed from the 
ovule — ^that is to say, after the fertilization of the latter. These 
additional structures are frequently fleshy when mature, as in the 
Spindle-tree, Euonymus^ Podophyllum^ The older authors 
called all the forms by the same term, arilltis; recent authors 
distinguish the true arUlus, which grows up over the seed from 
the funiculus, like .the primine and secundine, as in Nymphaiay 
Passion-flowers, Ac., from the arillode^ which originates at or near 
ike micropyle, and grows down more or less over the testa, as in 
Euonymus (where it forms a pulpy* coat), in Euphorbia^ Ricmus 
(fig. 311), Polygcda^ Ac. 

The mac6 of the nutmeg is an arillus, adhering bqth to the hilum and 
micropyle. 

The appendages which grow from the raphe, in CheUdcnium^ Amrum, 
Viola, Ac., are sometimes called ttropkiolee. 

The body of the seed is compose^ either of the embryo alone, or 
of the embryo imbedded in a mass of tissue, called ^epea^erm, 
or oZhunten (figs. 313-320). Seeds wherein the embryo & immedi- 
ately j[pY|jBfltea by the integuments are commonly ^led exalbu* 
minoiit ^eri^permie (figs. 321 A 323). ^ffhese phrieperm exists, 
they are oaUod allnmimw (figs. 313 Ac.). 

The term aOnamm, founded upon the functional analogr with the albu- 
men or white of an egg, is very inconrenient, as it has a marinct chemical 
Sense, in wbkfii it is frequency used in tlmchemioidquestioiia ctf vegetable 
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/•f and therefore the word pw^petm is preferable. All aeede in 
their rudimeotarj condition contam perispermf but aa ^e embryo grows 
it is often absorbiM. so that in the ripe Seed it is no longer perceptible. 
It is considered to be analogous with the prothallus of the higW Crypto- 
gams. 

Periaperm varies very much in both quantity and in texture 
— ^ih proportion to the relative magnitude attained by the embryo 
(figs. 313 32Q), and in consequence of the difPerent mode of 


Fig. 319. 



Fig. 817. Seotion of the seed of with a peripherically ourvcd embryo, 6, surrounding 


Fig. 818. Seotion of the seed of Piper, showing the embryo in a separate sao at the apes 
of the perispenn, which latter is hollow in the middle. 

Fig. 810. Section of the Mt of the Cocoa-nut PaJm, showing the fibrous epioarp. the woody 
endooarp (w) endosing the hollow perlsperm, in which live the minute embryo. 

development of the cellular tissue and its contents in different 
cases. 

The texture or consistence of the perispenu is termed mealy 
or farinaceotut when it may be readily broken down into a starchy 



Fig.880. Vertical ifotionofthe seed of JNsium: a, hUnm; 8,mirtropyle;e,iaphe; d,cha3esa 

Fig. 821. Apw^eirmle jicoS^eS^ Mmored: a. ndlde; 

•Fig^SSa. MoBOoot:^!«S<»ons from the perieoem teiti^ly ilioed! A, oi 

CtUlapalutMt; BtAvnaiOtA)' o,rsiMe; b.oolgaedon; e, plumolp. 

powder (as in Corn-grains Ac.); oily when it is composed ol soft 
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tissue loaded with fixed oil ("as in the Poppy and Ooooa-nut); muei- 
lagtMUB or fleshy when it is tougher and swells up readily when 
wetted (os in the Mallow) ; homy when hard and more or less 
elastic (as in Coffee, Oaliwm^ /m, 

The ^risperm is usually a uniform mass ; but in PijMracefis 

(fig. 318), Uanna, and soipe other plants the emb^o is contained in an 
inner central compartment or sac ( sometimes called the amniotic sac), 
BO that the perisperm is here double. The enclosed portion is some- 
times called the endosperm ; the development of this will be described 
in *the Physiological part of this work. 

The uniformity of the perisperm is also destroyed in some seeds by a 
peculiar lobulated condition of the outer portion, the sinuosities being 
tilled up and enclosed in an inseparable laj^er of different-coloured tissue, 
giving a marbled appearance ; this, which is seen in the Nutmeg, is called 
a ruminated perisperm or albumen. In the Cocoa-nut the perisperm is 
hollow when mature, containing the so-called milk (fig. 319). 

The Embryo. — The embryo^ or rudimentary plant contained in 
the seed, ordinarily possesses, when the seed is' mature, all the 
essential organs of vegetation, namely root, stem, and leaves, al- 
though in a few cases the leaves are undistinguishable ; while in 
others the embryo is a mere cellular nodule in the ripe seed, as in 
Orchidaeeffi and Orobanchacem. The embryo is the result of the 
fertilization of the germinal vesicle or oosjohe^ contained in the 
embryo-sac (p. 139). 

Farts of the Embryo. — The end of the embryo usually pointing 
to the micropyle is the radicle (figs. 320-323, a) or rudimentary 
root, continuous with the lower end of the axis which terminates 
at the other end in the plumule (figs. 321-323, c) or rudimentary 
terminal bud. The axis itself is sometimes very short, being a mere 
“ collar” between the base of the seed-leaves and the radicle ; but, in 
some cases, it is developed into a well-marked hypocotyledonary axis 
or tigellum^ distinguishable from the radicle by its cylindrical form 
(or, if conical, the point of the cone is upwards)t The rudimentary 
leaves, called cotyledons (figs. 321-323, o', h\ b), differ in number in 
the two great classes of Angiospermous Flowering plants, since in 
the Dicotyledons there are two placed face to face at the upper end 
of the axis, with the plumule betjveen them (fig. 321) ; and in 
Monocotyledons only one exists (or the rudiment of anoitW on a 
different level), and this is more or less completely rolled round 
the plumule, like the sheath of the leaf in Grasses (%• 323). 

The embiyos of the Gymnosperms are either dieot^edonous, as in 
Chfcas, Taxus, Juniperus^ &c., or really or apparently^yeo^M^^iotts, as in 
iwitMT (fi^. 324), where it is said that the seeming wnorl is IbiiM sff two 
deeply divided cotyledons. ^ 

Direction of the Embryo. — ^The embryo, whether covered only hy 
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the coats or. imbedded in perisperm, exhibits many varietieB in the 
relative position of its parts : thus it may be straight (fig. 314), curved, 
aremte, othoohed (fig. 325), epiralhj coiled (fig. 32($), or folded ; in 


Fig. 323. Fig. 324. Fig. 326. Fig: 326. 



Fig. 823. Aperitpermic Monocotyledonona seed of Potamogaton^ with the coat removed : 
a, radioie ; b, cotyledon; e, plumutc. 

Fig. 824. extracted from the perieperm, and the cotyledonaiy lobee 

Fig. 826. Vertical aeotion of the seed of Airopa Belladonna. 

Fig. 826. Vertical section of the seed of the Hop (Hwnulue). 

the last case the radicle may be folded against the back of one of the 
cotyledons (incumbent, 327) or against their edges (accumbent). 
The cotyledons, which are usually of fleshy texture, and vary 
much in form, degree expansion, and solidity in different cases, 
are occasionally rolled or folded up like leaves in leaf-buds (figs, 
328 & 329) ; and Jhese are described by the terms defined above 
under the vernation of leaves (p. 73). They are sometimes folia^ 
c^ous, as in Convolvulus or Eicinus (fig. 320), &c. The fleshy 
kinds occasionally cohere very firmly in Dicotyledons in the mature 
state ; and ihey are sometimes of unequal size, as in Trapa natans* 


Fig. 327. 



Fig. 827. Vertical aeotion of the aeed of Bn/nman'. a, ftmionliu. 

Fig. 828. Diooiyledonoua embiyo extracted from a Turnip-seed. 

Fig. 829. Dicotyledonona embryo extracted from the seed of the Maple {Aeev), 

Generallv the cotyledons form the greater part of the embryo, as in the 
Bean (fig. 321D hut sometimes they are very small or undistin^ishable. 
They usually die away, but in WelxoitecUa they remain to form the only 
leaves the plant has. 

BdatiVe Position of tilO Embryo.— The embryo may he in the very 
centre of the peiisperm (Tol^gomm), eccentric \ completely eztemiu 
(Grasse^ %.* 316) ; curved rpund the outside peripherical (LychnUf fig. 
317). l^e radicle generi^y points to the hilum (homoMome), rarely 
away from it (emrdiohlaetie). 
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PAfiT II. 

SYSTEMATIC BOTANY. 


CHAPTER 1. 

PRINCIPLES OF CLASSIFICATION. 

, Sect. 1. Species ani> Geneba. 

Sy8tein8 of Classification. — ^In throwing plants together into 
groups, two methods may be adopted, constituting respectively an 
artificial or a natural system of classiheation. In the former, the 
only object is to arrange or place objects in such order that we may 
find them readily by some prominent mark, in the same manner as 
words are arranged alphabetically in a dictionary. l!i a Natural 
Classification, the object is so to combine our materials that the 
things brought closest together shall have the greatest possible 
agreement; from which it results that a knowledge of all the 
peculiarities of one carries with it the knowledge of imst of those 
of its neighbours, and enables us, from the observation of a portion 
of the characters of a ^ven kind, to foresee the rest. According 
to the derivative theory a group is natural in proportion to the 
accuracy with which it expresses the degree of relationship of the 
members of the group to each other, and of one group to its fel- 
lows. If there is no real kinship^ the resemblance is only super- 
ficial» and the classification therefore artificial. ' 

Species. — Systematic Botany is founded upon the real or assumed 
existence of distinct hinds or species of plants — a notion which 
of course belongs not to science exclusively, but is a part of the 
common experience of the world. But there is a great difference, 
practicjlaJly, between the kinds of things accepted in ihe ordinary 
affairs of life and the kinds admitted in science, more especially in 
the Biological sciences. 
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There is another fact of daily experience which is of primary 
portance in reference to this point ; that is, the drciunstance 
plants product i^m seeds most commonly resemble in all im^r- 
tant respects the parent plant frmn which the seeds were derived, 
and this through an indednite number of generations ; from which 
it follows that kinds or species of plants are regularly reproduced 
by their seeds. 

The definition of a spedes can only be considered as arbitrary ; 
but for practical purposes it may be said that a spedes consists of 
those individual plants which agree in all their important and con- 
stant characters, in the same way as do individuals of analogous 
structure, which we know to have descended through a number of 
generations from a common stock, and which therefore may be 
assumed to have been produced through seed from an original 
individual, or pair of individuals, of a distinct kind. To these 
may be added the assertions that individuals of the same species 
may be cross-fertilized, to the improvement rather than the detri- 
ment of the fertility of their seeds, and that they are affected in 
a generally similar manneir by external agencies. 

Diversity of opinifin still Oiists amongst naturalists as to the orisin and 
fixity of species. On the one band it is assumed that every distinct 
species originated in a distinct cmation of that form, which has been 
perpetiiat^, with its essential characters unchanged, through succeeding 
generations. It is usually added by the same school* that, as regards 
plants, every species originated from a single prototype, or a pair of 
parents where, tne plant is dioecious. . 

On the other hand, it is contended by most modem natumlists that 
species were not necessarily created as we now see them, but that existing 
spwies are the lineal descendants of those that have gone before, and 
or less modified in course of time by varying circumstances, such m 
inherent tendency to vary, the effect of external agencies^ and the com- 
petition of other forms. This notion involves the conclusion that species 
Ss not absolutely invariable. . , , u v * v* i. 

Varietiss.*— Species are distingmshed by those characters wmeh 
under present drcumstances are constant so lou^ as the conditions 
under Aich they exist remain unchanged; but individuals may possess 
other addUwnal charocters of less importance, which are inconstant. 
Even as in the human species vtb, find every individual possessiDg ce> 
tain peculiarities, 4o even in almost to the lowest of created beings 
do we find what is called an idiosyncrasy, and individual character, 
chiefly depending, in the vegetable kingdom, upon the conditions under 
which they have grown up. often find seeds from the same parent 
producing ihdividoal plants cufiering in the colour, siae, and number of 
mrir flowers and of their vegetative organs, according to the conditions 
of dimate and soil to which we submit them. Very often, moreover, wo 
find these differences diiiplSying themselves under what appear to us 
identical conditions, as is particularly the case with many of thefryourite 

florist’s flowers”— such as the I^larff(mium,Iktch8ia,Vixilk^ 
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wKieh sport” out into namborloss variettiot when raised fkcra 9bed 
under Siigbly artificial eQB\ditioiu. The ocMsorrance of mia^iui is 
less common aasL when U ocmirs, generaUjr lew marhad in irtid plants, 
as might natara|]T he expected, from jme likelihood of yt/M plants 
maintaimira footmg h^ in a positioh^here theeonditdons are most 
natml to mem ; hot we do find remaricahla cases of yaifarton in manjr 
wild species, as of colour in rtie common MDUkwort and the Columhbe 
(Afuileyia) ; but most of those kinds which exhibit the tendency now 
and then in a wild state, become extremely vartaUe under cnltuie. Some 
of the yariations am dependent simply upon mcMitfirationB the cell- 
contents of certain tissues, as in the eommotoelt'of tdl yari^ons, those of 
oolour, and in the not uncommon appearance of white patclies and striaks 
variegation on the leaves. Other variations are teratological, and 
result from the over-stimulation of the vegetative system, causing 
reproductive ormns to ^generate (of which the ordinfirv "doubling” of 
flowers by the degradation of their stamens into petals is an examme) — 
or, vice versd^ the application of stimuli at particular epochs, producing 
remarkable development of flower or fruit. All these variations, more 
especially those involving serious teratological changes, tend to disappear. 
Common variations, of slight importance, mostly die out at once in the 
descendants through seed, especially if the conditions are varied ; serious 
departures from the typical structure (teratological variations) lead to 
barrenness and incapability of continuing either the variety or the species 
by seed. 

It is important to note here a fact which will be more minutely 
examined in another place, namely, that although the pecuUar characters 
of varieties are commonly lost in seeds, the peculiar form is capable of 
indefinite propagation by vegetative multiplication through cuttings &c., 
the special idiosyncracy being possessed in common tbrougbout iXl the 
leaf-buds, both while forming part of the parent and after ^ey have been 
detached from it to form new plants, gra^, &c, 

A certain number of species which vary more or less in a wild state 
exhibit a remarkable peculiarity under systematic cultivation. By strictly 
maintaining a certain set of conditions, varieties oripinating accidently 
or through intentional treatment are made to manifest their additional 
peculiarities so strongly, that they transmit the tendency to present 
similar peculiarities to their seeds ; and such transmission goes on for an 
indefinite number of generations, provided the requisite external conditions 
are kept up. In this way arise what are called JRacee, series of individualB 
connected V rommon charMters and Iw inheritance, like species ; but, 
uiilike them, liable to lose, ip one or^a tew generations, under change of 
coflditions, part or all of the essential characters by which they aredistiu* 
guished. We have examples of such races in most of our esculent vege- 
tables, especially in the many varieties of form, more or less permanent, 
derived from the wild Cabbam (Bractica olcraced). 

These, together with Bybridcy or the Reduce of cross-fertilizatioB 
between individuals of distinct species, will he referred to again among the 
phenomena of the Physiology oi Kepi^uction. The determination <n the 
umits of spedes is greatly obstruct^ in many eases by the frequent 
occurrence of viirietieS| and more partieularly of races — ^to which hybrids 
add another oompficatioD, probahfy of Ism importence than many modem 
authors suppose. It appears prohahie that the number of real Bpedes ia 
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far smaller than is usually suppo^, and that many races, and a large 
number of frequently recurring varieties, hold a place in our existing lists 
of species. The varieties and races above mentioned are considered under 
the develrament hypothesis as the initial stages in the formation of new 
species. If these variations are of such a nature as to enable the plant to 
adapt itself better to the conditions under which it lives, or to sustain itself 
in tM battle of life with other organisms, then they will be perpetuated — 
become more constant, and ultimately attain such a degree of relative 
constancy or invariability as to be classed as species. 

Oenera. — ^Whenever we examine a large assemblage of distinct 
species, we shall find that certain of these agree with cerrain others 
more closely than with the rest ; so that we may parcel them out 
into groups, in each of which we shall find an agreement in a 
-number of common characters, by which it is also distinguishable 
from the other gi*oups. Generally speaking, we shall find that we 
can place together a number of species agreeing closely in the 
- essential plan of construction of their floral oryam^ while they 
differ in the forms and duration of their vegetative organs^ &c. 
Groups of this kind are called genera ; and the notion of a genus^ 
like that of a species, is not only common to ail departments of 
human knowledge, bat is aba existent in the language of common 
life in its special natural-history sense, only requiring for scientific 
purposes to be more strictly defined. In every language we find 
generic names applied to plants, such as Willow, Bose, Violet, and 
a hundred others, each of wliich terms is indicative of a group of 
kinds or species, more or less extensive in different cases, corre<- 
sponding exactly in its logical value to the genue of the botanist. 

Some of these groups are characterized by very striking peculiarities, 
so that even the genera of vulgar language correspond very nearly with 
those of the botanist; but in the generality of cases the popular collective 
. names are applied on simerficial grounds of resemblance, and include 
widely diverse species. For example, the term Violet is made to bind 
together not merely the common scented and other true Violets, but the 
Bame’s Violet {Heeperie)^ a plant of the Cabbage family, the Cobthbn 
Violet {Gentiana liieumonanthe)t a true and characteristic Gentian, |he 
Dog’s-tooth Violet (JErythronium 2>eas-CbaM),a ^antof the Lily family, 
&c. ; while the term Bose is extended from true Boses to deU^ or Bock- 
roses, Bhododendrons, Alpine Boses, ^c. It is obvious here that there can be 
no near blood relationship^” if we may so term it, between these so-called 
Boses, &c. The classifioation of all these forms having only superficial 
resemblance to each other b a purely artificial classification. Still some 
genera are characterized in a sufficiently marked way for most of their 
constituent species to be recognized as such pretty readily, after a very 
small amount of attentive examination, as, for example, true Boses, 
Willows, Lilies, &c. ; and we call such genera, including species of a 
very marked simibrity, natural genera,” thus indicating the closeness 
of me band that ties them together# On the other hand, the principle of 
combination which accords with the intuitive classification in thoaa 

M 
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natural genera leads to the establishment of other genera wherein the 
species seem at first sight to differ widely, of which we could not have a 
better example than in the genus Euphwhia^ where our native species are 
inconspicuous herbs, while the tropics afford species with large spiny 
Cactus-like trunks, &c. 

Moreover the carrying out of the same principle leads in certain cases 
to the generic separation of species which present close agreement in 
their general characters, but are distributable into a number of groups 
characterized by very decided morphological diversities in important 
parts of their floral organs. Thus, in the UmbelliferiB, the Compositse. the 
Grasses, and some other families, we separate generically species which 
have a great resemblance in the majority of their characters. This happens 
especiallv in what are called very natural familifis of plants, large* assem- 
blages of genera so evidently connected with each other by the presence 
of some very marked peculiarity, such as the Umbelliferous inflorescence^ 
the Papilionaceous corolla of the Leguminosse, the Capitulous inflores- 
cence of the Gompositffi, the peculiar spikelets in the Grasses, &c., that no 
doubt can be entertained as to their lineage. On the other hand, the 
** natural genera ’’ occur mostly where the character of the natural family 
is more lax and flexible, as in the Hanunculaceae, Kosacem, &c. 

In the present state of knowledge it must be admitted that a very 
large portion of our generic distinctions are arbitrary, and that the 
species included in some genera agree together much more closely than 
those combined under other generic hea&. ^ At the same time it cannot 
bo doubted that some genera are really far more extensively represented 
by species than others : so that the mere number of kinds included in a 
genus is to be totally neglected in a natural classification ; and many recent 
authors have done disservice to science in general by splitting up large 
natural genera on slight characters for the convenience^of systematists. 
It is far more instructive to keep together the members of large natural 
genera, like FicuSf Erica, Eegonia, &c., than to subdivide them under 
names which disguise their relations ; and the convenience of systematists 
may always be^ sufficiently regarded by the establishment of sectima in 
extensiiie descriptive works. 

Oenera are groups of species associated on account of agreement 
in the essential characters of their floral organs ; but here, as else- 
where in nature, variations from our abstract types must be ad- 
mitted. Some undoubtedly natural genera include species with 
their floral organs varying in certain particulars more than is usual 
in groups associated under a cammon type, somewhat as certain 
species admit of a wider range of variation than others. Here, 
again, physiological characters become of value ; and as in species 
we regard the fertility of the seeds produced by unlimited cross- 
breeding between the varieties as a proof of these being individuals 
of the same species, so with regard to genera it is commonly held 
that a generic connexion between diverse species is indicated by 
the capability of producing hybrids by cross-breeding. These true 
hybrid^ produced between distinct species of the same genus are 
ohen bomn, or only breed with individuals of one of the parent 
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species, which soon eliminates the cross, and leads to a complete 
reversion to that species. 

^ The physiological test is consonant with moi^hological evidence. In- 
dividuals of the same species are capable of indiscniiiiuate fertilization 
because they are exactly alike in all essentials of structure. In hybrids 
produced between iwe species of a genus, the parents agree sulliciently in 
structure to allow of their producing a few fertile seeds ; but the plants 
raised from these seeds contain two contradictory impulses, which so far 
prevent the perfection of their organization that they either remain barren 
or a dissociation of the mixed characteristics occurs with, it may be, their 
ultimate entire extinction. 

Origin of Species— ‘Selection.-— Supposing species to have originated 
from a few primordial forms, from which all existing species have been 
* derived, just as individuals may be traced back to a common parent stock, 
the question then arises as to what causes have produced me modifica- 
tions. Where, on this hypothesis, there were ori^nally a few, or perhaps 
a single primordial form, to which all then existing individuals might 
have been referred, there is now an infinite number of forms both in the 
animal and vegetable kingdoms. How have these arisen P To this 
question the answer given by various naturalists has been different. 

Jiy some the variations have been attributed to the influence of external 
conditions; by Harwia to an innate tendency, producing variations of 
structure, some of which, under given circiinistances, would be favour- 
able to the progress and development of the individual, and others not 
HO. In the battle of life, the struggle constantly going on in animated 
nature, those variations most advantageous to the organism in its compe- 
tition with others would be preserved by “natural selection,” while 
other variatioos of less advant^eous character would be obliterated or 
not perpetuated. Hence the victory would be to the strongest ; the 
weakest would go to the wall, and the result -^ould bo, in Mr. Spencer’s 
l^guage, “ the survival of the fittest.” It will thus be seen that on this 
hypothesis species are not considered immutable, and variatious, especially 
su'ch as are advantageous to the oiganisms, are regarded as the starting- 

S oints of new species. With reference to these points the student will 
0 well to bear in mind that these and kindred speculations are not to be 
treated as dogmas or creeds, but as means to an end, and that end the 
more perfect knowledge of the origin and relation of existing forms. 
Any hypothesis or theory which will serve to copelate and bind together 
a numW of otherwise isolated facts and explain their interdepenaence, 
is valuable not only for what it effects at the time, but as a focus around 
which other facts may in future be gathered. That hypothesis is best 
which serves to give a rational explanation of the Iwest number of ob- 
served phenomena of the greatest importance. Tried by this test, the 
Darwinian hypothesis, or, rather, the theory of evolution, has great ad- 
vantages, and presents on the whole fewer difficulties and less incon^- 
tencies than tne older hypothesis of separate creation of each species. 
Particularly does this seem true in the case of the subject now before us 
— the clasfflfication of plants. The admission of the prmciple of filiation 
and genealogical descent gives the natural system of classification a clearer 
claim to its title of “ natim ” than it had before, supplies the explanation 

K 2 
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of a vast number of phenomena otherwise inexplicable, and offers plau- 
sible and valid reasons for the existence of facts and processes that were 
previously considered either unintelligible or puimoseless modifications of 
an assumed stnictural type. The portion of Mr. Darwin’s hypothesis 
which has perhaps received the least amount of assent has oeen that 
relating to natural selection. The idea was based on that artificial pro- 
cess of selection by means of which man has been enabled progressively 
to improve and perpetuate the different forms of domestic animals and 
cultivated plants. In the latter case the horticulturist is ever on the 
look-out for variations. If he sees one that suits his purpose, such, for 
instance, as a plant producing laipper flowers than ordinary, he does all 
that he can to perpetuate that variety by carefully selecting seed from it, 
at the same time that he destroys or neglects other less desirable varia- 
tions. In this manner, after a time, the selected variety becomes fixed,” 
autl a '' race ” is formed. On the Darwinian hypothesis a selective process 
is supposed to occur naturally, similar to that employed by the gardener 
or agriculturist as just explained, such selection or elimination resulting, 
as l^fore said, in tfie survival of the fittest. 

Sect. 2. Nokevclatube. 

Names of Plants. — ^The Terminology of Botany establishes rules 
for naming the parts or organs of plants/ and the different charac- 
teristics which those organs present. Nomenclature deals with the 
naming of plants themselves as members or parts of the Vegetable 
Kingdom ; and it furnishes the rules for naming the kinds of plants, 
and the various groups or assemblages in which they are associaced 
in our systematic classifications of kinds. • 

The primary rule in botanical (and zoological) nomenclature as 
laid down by Linnmus is, that every species shall have a particular 
name^ compounded of a substantive and an adjective (or substantive 
used adjectively), whereof the former indicaies the yenus^ and the 
loiter the species^ 

This rule of naming may be compared with the common usage of sur- 
names and Christian names — the former indicating the family to which a 
man belongs, while the latter admits of his being spoken or written about 
without the necessity of adverting, except for special purposes, to his per- 
sonal peculiarities or his relationmip to the other members of his family. 

These scientific names of plants were originally established m 
Latin, because Latin was the general language of science at the 
time they were introduced ; and they will be retained with advantage 
BO long as diversity of language exists, since they ensure to all plants 
and animals names which have universal acceptation, and which, 
like the Arabic numerals 1, 2, 3, &c., are equally comprehensible to 
the educated of all nations, and, moreover, they are more definite 
and precise in their signification than or^nary vernacular appel- 
laticms. 
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Generic Names. — ^The subetandve names o( genera have been 
and are still formed very arbitrarily, and without any generally 
recognized principle. 

All those which have been identified as known to the ancients are 
called by their classic names, such as Prunus^ Myrim^ Quereusy Thymus y 
&c., the etymology of which is more or less obscure in various cases. A 
veiy large proportion of modem ^neric names are founded uj)on com- 
binations of Latin and, more particularly, Greek words indicating some 
obvious external neculiarity, or some property possessed, or supposed to 
be possessed, by the plants ; but the application of this principle has often 
been carried out without accurate knowledge and without nappiness in 
selection, so that many such names are but little characteristic, and would 
often apply more correctly to other genera. Those, on the contrary, 
which are well chosen afford a certain assistance to the memory ; exam- 
ples of such names, founded on stmcture, occur in : — Lithospennumy so 
called from its stony fruit (or supposed se^) ; Campa/tula, from its bell- 
shaped corolla ; SagiUaritiy from its arrow-shaped leaves, &c. : on quali- 
ties, in Glycyrrhiza (Liquorice), from its sweet rhizome ; Pubia (Moader), 
from yielding a red dye ; Lactuca (Lettuce), from its milky juice, &c. : or 
on accustomed station, as ArenaHuy Epidendt^umy &c. : others have 
derived their names from supposed medicinal powers, such as Pultnonai'iay 
Scrophulartay &c. ^ 

Another large class of generic names is founded on proper names 
eitlier of mythological or real personages, more especially distinguished 
botanists, to whom the genera are dedicated. Linmeus drew largely 
upon classical mythology and legendary history as a ready source of 
diverse names for the many newly defined genera he had to deal with ; 
and the namqp /m, Artemista, AmaryUisy Narvissusy &c. stand out 
strongly in their euphony from most of those founded on modem names ; 
such names, however, as Linntmy Loheliay Ewncoreay Maytwlia go for 
to rescue the principle of naming genera after botanists and their 
patrons from the opprobrium brought upon it by such as Schumacherta, 
ScMveuckhertay Bazoumowskiay Eschscholtziay and the like, and will pro- 
bably be preferred by moat persons even to such “ characteristic ” names 
as PlmrosckUmatypuSy Orystophylluvmy Pachypterygiumy QKschrocaryony 
&c. 

In face of these last, the pseudo-Latin barbarisms TheUy CoffaBUy Bam- 
hustty which preserve the original native names of plants, necome no 
longer uncouUi. 

Specific names are always eitlier adjectivesy or substantives used 
adjectively. When they are adjectives, they must of course be 
made to agi'ee uith the substantive; and it may be recalled to 
recollection that in Latin all names of trees sore femininsy whatever 
may be the termination. 

In the majority of cases, the spedfic names are selected on similar 
grounds to the generic. Attempts are very commonly mode to render 
the name characteristic, a proceeding which in many cases affords a 
certain advantage ; but when, on the contrary, it is carried out in im- 
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perfect acquaintance with the species of largre genera, it leads to con- 
fusion. Sometimes these names indicate the character of the leaves^ as 
in Tilia grandifolia and parvifoHaj or the existence of a definite number, 
as in Platanthera hifqlia^ Paris qmdrifolutf &c. ; or the character of the 
inflorescence^ as Bviomus mnhellatusy Bromus racemosfuSj &c. Or the 

nabit ” of a species is indicated by such adjectives as major ^ minor, 
scandena, &c. ; or its duration, as by annua, perennis, &c. ; and in some 
cases comparisons with other plants are marked, as in Ranuncvlm aconi- 
iifolim, Acer platanoides, iS:c. 

* Generally speaking, the colour of flowers is too variable for specific 
distinctions ; out nevertheless many species are named from their usual 
or constant colour, as GentUma UUea, Lamium album and purpureum, 
Digitalis purpurea, &c. 

Station, i. e. kind of soil or place Inhabited by a plant, is another source 
of names, as arvensis (common on ploughed land), agrestis, hortensis (on 
cultivated ground generally), pratensis (in meadows), sylvestris or sylva~ 
ticus (in yroo^&),2mlu8tri8 (in swamps), aquaticus (in or about water), and 
satiurn, a term commonly applied to kinds regularly cultivated from seed. 
Most of these terms are applied vaguely, and a similar want of accuracy 
in the implied idea alfects many of the names founded on the places 
whore plants have been first observed, such as Silene gallica^ Siachys ger» 
manica, Genista anglica, &c., none of which are peculiar to the countries 
named, though they may, in the first instance, have been considered to 
be so. 

Such names as odot'ota, suaveolms, feetida, expressing marked 
qualities, wore formerly much used ; and the adjective oJflHnalis is found 
applied to a host of plants formerly valued by the herbalists for some 
supposed medicinal or economical property. 

Substantive names used adjectively are mostly names of abolished 
genera, retained in association with the new generic term, Us Ranunculus 
Plammula, l^'us Malus, Matricaria Chammnilla, P'unus Cerasus, &c., — 
these old generic terms being in a few cases double, as Adiantum 
“ Capillus-retieris,** Lychnis “ Flos-cuculi*^ &c. Or substantive proper 
names are used in the genitive case, as Limnocharis Hmnholdtii, Viola 
NuUaUii, Galium VaiffantiL The dedication to distinguished persons 
may, however, be eflected by adjectival terms, as SalLv Doniana, &c., the 
use of the genitive noun being more strictly appropriate when it is the 
name of the discoverer or first describer of a species, the termination ana 
conveying a mere compliniout and not necessarily implying that the 
person to whose name it is affixed had any thing to do with the particular 
plant in question. 

AuthoritieB for Names, — If the rules of scientific nomenclature were 
strictly enforced under the direction of a single authority, each plant 
would have but one name (composed of the generic and specific appella- 
tions), and this name would be indissolubly and unequivocally connected 
with the idea of the peculiar species. But it happens mactically that 
such is not the fact, and this for reasons necessarily affecting various 
cases. Not unfrequently it happens that a plant possesses more than one 
spedjic name, which may arise from an autnor naming it a second time, 
through entire ij^orance of its having been previously observed, or firom 
his erroneously supposing a particular mrm to be distinct from the already 
known and named species. Almost as frequently in the present day do 
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we find a distincUj recognized species denominated by more than one 
generic name; while the specific ap^Uation remains the same, this ambi- 
guity arising from difierence of opimon as to the limits of genera, and con- 
seouently as to the group to which particular species are to be referred. 

To ensure accuracy, therefore, it becomes necessary, whenever the name 
of a plant is mentioned in a scientific work, that th& authority for the 
name (that is, the author who originated it, or whose peculiar application 
of it we adopt) should be indicated. This is done by subjoining an ab- 
breviation 01 his name. Thus, BeUis perennia, Linn., or L. ; Inula Cmyza^ 
1)C. ; Pulicaria vutgarisy Qaertn., signify that we mean the species which 
were defined under these names by Linnfeus, De Candolle, and Qaertner, 
respectively. In like manner it is requisite^ in the majority of cases, 
where the name of a genus is mention(m, to indicate the authority, since 
many of the older genera of Linnseus and others have been broken up 
.into a number of groups, and the original name restricted to one of these 
more limited assemblages. 

S 3 monyms. — The superfluous or incorrect namea which exist 
in many cases cannot be neglected where they have once acquired 
a certain currency, because a certain amount of existing knowledge 
is connected with these names in the works of the writers who 
have used them. Hence arises the necessity of enumerating the 
synmiyma of plants. The citation of synonyms is of course un- 
necessary in general cases, where the names of plants are incident- 
ally mentioned, so long as the authority for the name is given ; 
but in Systematic works, such as descriptions of the plants of a 
country or province, or monographs upon particular groups of 
plants, it is part of an authors duty to ascertain and indicate 
all the names which have been applied to the particular forms, 
and the exact senses in which different names have been employed. 
The synonyms subjoined to a specific name may indicate ; — 1 , 
that the same species has received different names from different 
authors ; 2, that a selected specific name includes the several sup- 
posed or real species enumerated under it ; 3, that the species has 
been removed from a genus to which it was formerly referred ; 
4, that a particular view is taken both of the generic and spe- 
cific value of a plant concerning which opinions have varied in 
both particulars. 

• 

The following examples may serve to illustrate this : — 

1. The name Galium verum, L., has simple priority and therefore pre- 
ference over 6r. luteumy Lamarck, indicating the same species, which was 
accidentally or erroneously named by the latter author Linnieus had 
given it an appellation. 

2. Agroatia albay L., includes A* compreaaoy Willd., A, gigantea. Roth, 
A. aUmniferay L. (in part), &c. ; these latter have been mistakenly sepa- 
rated from it, or subsequently named without knowle^e of the identity. 

3. Castanea mlgariay Lam., is now substituted for JFqpas Castaneay L., 
as the genus Castanea is now regao^ded as distinct firom jFagus» In many 
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cases lee find a distinct generic name given as a synonym where it is 
really more recent, but is rejected in favour of the older on the ground 
that the more recent generic separation is not approved of ^ for instance, 
Apargia auttimnalisy Willd. (Oporinia atUumnalts, Don). 

4. Catabrosa aqwxtica, Deauv., is named in diverse works Aira aqm- 
tica^ L., Motinia aquatica, Wibel., Foa airoideSf Koel., Glyceria aquatka^ 
Presl, &c. 

The multitudinous synonyms which Ml under the last category are 
attributable to the excessive tendency of modem writers to multiply 
genera on slight grounds. Such mmor subdivisions are far better 
restricted to extensive systematic works, on the plan adopted in De Can- 
dolle*s ^ Prodomus,’ providing them with sectional names for the exclu- 
sive use of systemntists, and preserving the more general name for 
common purposes. 

Nomenclature of Varieties. — The varieties of species are no- 
ticed in descriptive works when of frequent occurrence, and then 
are either simply indicated by the letters of the Greek alphabet, 
or have an additional adjective name like the species, which plan 
is especially followed in lists of garden varieties. In such cases 
either the ordinarily occurring form is taken as the type, and the 
series of occasional varieties is begun with /3, as — 

Samhucufs nigra, L. , var. ji, leaflets laciniated (Hooker 

& Arnott). 

or, Sambucus nigra, L. (3. virescens (fruit green). 

y. leucocarpa (fruit white). b, laciniata (leaflets laci- 
niated). e. variegata (leaves with white streaks), 

Koch. 

Or if the species is variably and no one form is considered 
typical, the senes begins with a, thus : — 

Fedia dentata (Hooker & Amott). a ( Vahrianella Mon- 

sonii, DC.). (3 {Fedia miocta, Vahl). y {Fedia 

eriocarpa, Boem. & Sch.). 

The nomenclature of cultivated plants is fruitful in examples of named 
varieties in large numbers belonging to particular species, such as Clarktu 
puloheUa alba, C, pukhella rosea, &c. &c. ; but these names are often ap- 
plied without scientific exactitude. 

Hybrids are named according to certain rules when they occur 
frequently wild or, if obtained artificially, when they are propa- 
gated by cuttings, bulbs, &c. The names of the two parent species 
are combined, thus ; — Verbascum nigro-Lychnitis, a hybrid between 
V, nigrum and F. Lyehnitis, With regard to artificially produced 
hybrids, it is possible to indicate the parentage with more accu- 
racy, and the name of the seeding plant stands before that which 
yields the pollen, as Amaryllis vittato-regince, the form produced 
when the ovules of A. vittata are fertilized by the pollen of A, 
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reginoB^ and vice vered. Where a plant is known to be of hybrid 
origin, it is a good plan to indicate the fact by prefixing x to 
the name. 

The nomenclature of the groups above genera is of less import- 
ance than that of genera and species, and is dealt with mpre 
independently by individual writers. Artificial groups are gene- 
rally named from the character on which they are founded, as in 
the case of the Linnean classes and orders. The same is the case 
with the artificial divisions which are used in most Natural Ar- 
rangements for conveniently subdividing large assemblages of 
Families or Orders, such as ThalamiJlorcB of De Candolle, Poly-- 
petalas &c, ,of Jussieu. But as the essence of the Natural Ar- 
rangement of plants lies in the combination of forms according 
to the majority and importance of points of likeness or general 
character, we are not necessarily restricted byany definite character 
in the selection of the name ; and in regard to the Natural Orders, 
great diversity of principle has prevailed in the application of the 
names, and even considerable laritude in the form given to them. 
There exists, however, one rule applied in all Latin naming of what 
are termed Natural prders : the word piantcg is understooa, and an 
adjective name agreeing with this represents the group. In exist- 
ing systems we find these adjective names founded sometimes on 
a prevalent character in the family, as (plautee) Leguminosce, 
Coniferae, Umbelliferao, <S55C. ; sometimes on the names of typical 
genera, as Eosaoese, Solanacess, Convolvulaceas ; sometimes on an 
existing general name derived from common language, as Grami- 
nacese and Palmaceas. A difference of termination exists even in 
regard to the same word in different authors : thus, one author 
writes CistinesD, another Cistacem, with the same meaning ; while 
others use the word Aroideffi in preference to Aracem. or Palmm in 
preference to Palmaceae. 

Attempts have been made to reduce all these names to a system^ and 
to preserve the same form of termination for groups of the^ same value. 
Thus it is proposed to make the names of all Orders end in acea, like 
Banunculacese, EricaceSB, &c., the only objection to which is the necessity 
of discarding many familiar and well-established names, and replacing 
them by straime ones, as Apiaceas for Umbellifere, Fabacess for Legumi- 
nosae^ &c. Classes ” or Alliances ” again are made alike by using the 
terminal form -alee : as Glumales, instead of Glumacem or Glumiferm, 
for the group composed of the Orders with a glumaceous perianth, &c. 

A fixed rule does exist among all modem writers in the denomi- 
nation of suborders or tribes into which Ordera are divided ; for 
these are founded on typical genera, the names of which are made 
to furnish adjectives by the substitution of ece for the last vowel 
and whatever may follow it : for example, in the Order of the 
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EaBunculacefe, we have the tribes Anemonece from Anemme, Ban- 
unculecB from lianunculas^ Hellehorem from Helleborm^ <&c. and in 
botanical works these names of tribes are commonly printed in 
italics like those of genera and species, while the names of families 
and all above them are printed in roman letters. 

The names applied to the larger divisions of the Vegetable Kingdom in 
Natural Arrangements are generally made as characteristic as possible ; 
hut, as will be shown in the Section on Natural Arrangements, none of 
the single characters of such groups are absolute, and therefore no name 
founded on one character can be universally descriptive. Thus the 
name Monocotyledoues is applied to a most natural group, in which are, 
however, included one or more orders, as the Orchidacea), in which the 
embryo has no cotyledons. And it may be said that to an advanced 
student it is far more beneficial to regard all names as abstract signs, used 
rather to indicate certain plants or groups of plants with which he is 
acquainted, than as expressive of the characters of the plants to which 
they are applied. 

These observations on the nomenclature of the Orders and higher 
groups of plants are placed here for the sake of connexion with the 
remainder of the subject; but they will be better appreciated after 
acquaintance is made with the illustrations of them in succeeding 
Sections. 


Sect. 3. Deschiption of Plants. 

It is the business of every botanist who distinguishes and names 
a new species of plant to furnish an exact statement of the charac- 
ters by which it may be recognized by others. 

Tlie most complete fulfilment of this requisition is supplied in 
what is termed a description of a plant, in which is given a detailed 
account of the external form, the arrangement and relations of 
all its organs, according to a fixed plan and in a fixed language, 
furnished by the terminology mado use of in Morphology. 

In order to impress upon the mind of the student the principal points 
to be looked to in describing a plant, and thus to ensure completeness and 
accuracy of observation, we subjoin a list of the more salient characteristics 
which it is desirable to notice in writing a fall description of a plant. 
Some of these are of much greater impbrtance than others, inasmuch as they 
afford the means of grouping plants into genera and orders, not only phy- 
siologically hut morphologically, &c., and furnish what are called dia- 
fpiostic characters. From their great importance, much stress is deservedly 
laid on them ; hence, after enumerating the principal “ characters ’’ neces- 
sary to be ascertained in drawing up a full description, we shall insert 
illustrations of the schedules ” introduced with so much success for 
teaching-puiposes by the late Professor Henslow, and in which attention 
is ebawn solely to those points of special importance. 

It must also he home in mind mat the terms used are such as are in 
general use, and are to be taken in their conventional sense, and not as 
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necessarily expressing the exact truth : thus, as has already been explained 
under the^ head of Morpholog}', when we say that one organ is inserted 
into another, it would be more correct to say that the one emerged from 
the other ; in the same w^ many cases of so-called coJmion and adhesUm 
are shown, by the study of the progressive development of the flower, .to 
be rather cases of arrested separation than of union of originally distinct 
orfi^s. 

In describing a plant fiilly, a commencement is made with the root, 
from which we proceed to the stem, leaves, inflorescence, flowers, and, 
Anally, the ripe fruit and seeds. 

In the case of the root the principal points to be looked to are : — first its 
nature^ whether ti-ue or adventitious ; then, in succession, its /omt, direct 
tion, size, degi'ee and mode of ramijicatxon^ duration, consistence, surface, 
colour, &c. Similar remarks apply to the ste^n and its modifications. 

Jjeaves req^uire first to be noted as to their positum, radical, cauline, &c. ; 
insertion, stalked or sessile ; possession or deficiency of stipules ; arrange^ 
ment, alternate, opposite, &c. ; composition, simple or compound ; direction, 
duration, texture, coUmr, and surface. The blade of the leaf mmi then be 
described as to its general form, outline, base, apex, margins, mode of vena-- 
tion, size (e8peciall3’ in relation to the stalk, if present). The subdivisions of 
a compound leaf must be treated in the same manner as simple leaves. 
The petiole or leaf-stalk has to be noted as to its form, surface, relative 
size, &c. Stipules, as far as practicable, should be aescribed in a similar 
manner to the leaves, as also should, mutatis mutandis, the leafdfuds. 
In their case, as also in the case of JUnver^buds, the mode of veniation or 
of mtkat.i(m, as the case may be, should bo ascertained and recorded. As 
regards the inflorescence, the principal things to be considered are its 
position, direction, relative size as compared with the leaf, nature (definite 
or indefinite), Ramification, form, number of flowers, duration, &c. 

The flower-stalks follow the same rule as the leal-stalks ; but particular 
attention should be paid to the top of the fiower-stalk (the tlwlamus') 
to see whether it be fiat, convex, or concave. The bracts are described in 
the same manner as the leaves. In the case of the calyx and corolla, 
attention should he directed to their constmetim (cohesion), relative posi- 
tion {sAhosion), form, direction, colour, venation, surface, size, absolute and 
relative, duration, odour, &c. 

Individual sepals or petals should be described in the same way as the 
leaves. 

Stamens should be described with reference to their insertion fadhesion), 
cohesion (free or united), number, position, arrangement, site (witn reference 
to one another and to the other parti of the fiower). FUaments present 
similar characters to those ofiered by the leaf-stalks, and are described 
accordingly. Anthers require attention as to their form, mode of attach- 
ment to X\\efllamsnt, shape and number of their lobes, their mode of dehis- 
cence, colour, surface, the form and peculiarities of the connective and of 
any appendages that may 1^ present. The form, colour, and distinctness 
or cohesion of the poUen-grains should, if possible, be stated. This is not 
always practicable unless I'ecourse be had to the compound microscone, 
when other peculiarities, then visible, should be noted, as will be further 
explained in the section on Physiology. 

After the stamens, the characteristics of the disk, if present, should be 



172 


SYSTEMATIC BOTANY. 


noted, and then those of the pistU as follows — number of the constituent 
carpels, their isolatim or cohmon and arrangement, their adheehnBSidL rela-^ 
live fMHtion, fonn, caviiiee^ partitions, and mode of plaoentation. The styles 
require to l>e noted with reference to their position, number, size {relative 
and absolute), form, suiface, colour, &c. Similar remarks apply to the 
stigma. The omies difier in their position, mode of attachment, number, 
fofm, &c. The fruit follows the same rules as the pistil ; but, in addition, 
the texture, mode of dehiscence, and number of seeds must be noted. 

Seeds are described much in the same way as ovules, taking care not 
to overlook any of the peculiarities presented by the coverings of the seed 
in the way of hairs, scales, arils, and the like : the interior of the seed also 
requires special attention, to see whether or not it be albuminous or exaUm^ 
m%nom\ if the former, the nature and quantity of the should be 

noted ; and in any case, where possible, the form, position, direction, size of 
the embryo and its parts, the nature and number of the cotyledons, &c. 
should be accurately ascertained. 

The student is recommended to take any plant he meets with, and 
endeavour to draw up a description of it with reference to the foregoing 
scheme. By comparing the description of one plant with that of another 
he will familiarize himself with the main points of difiei'ence between one 
plant or one organ and another, and will learn to apply the appropriate 
term to each modification. 

The subjoined description of the common white Dead-Nettle {Lamium 
album) is given as an illustration of a tolerably complete description of 
the external peculiarities of a plant; it may serve as a model to the 
student in drawing up similar descriptions. It is, however, advisable that 
he do not attempt too much at once. A bad or careless description is 
almost worse than none at all ; hence the beginner is recommended to 
make himself pretty thoroughly acquainted with the peculiarities of such 
organs as are most easily studied before passing on to oi'gans such as 
ovules, &c., which require some considerable pracmce before their structui*e 
and characteristic features can be ascertained. 

Lamium dXbum, — rather coarse haiir perennial, with a shortly creeping 
stock, from the joints of which, especial^ on the lower surface, proceed at 
intervals numerous slender, fibrous, brownish roots, Stans 1-2 feet high, 
herbaceous, decumbent or ascending, fistular, four-sided. Leaves exsti- 
pulate, opposite, stalked, the upper ones nearly sessile, hairy, membra- 
nous, ovate-acute or acuminate, cordate, coarsely and irregularly toothed, 
unicostate, arch-veined, 2-3 inches long, 1-2 inches broad. Petiole less 
than half the length of the blade, channelled on the upper surface, rounded 
beneath. Flowers pure white, sessile, in axillary cymose whorls (verti- 
cillasters) of 6-10 or more. Calyx campanulate, of o sepals, united below 
into a traversed by 10 ribs ; limb divided above into five nearly equal, 
spreading, linear, ciliated segments, of which the uppermost stands sligntly 
apart from the others. Corolla white, tubular, bilaDiate, twice the lengtn 
of the calyx ; tube curved, ventricose, as long as or longer than the calyx, 
scabrous inside, with a ring of hairs near the base ; upper lip erect, concave, 
potched, haiiy ou'the outer surface; lower lip spreading, 3-lobed, the 
middle lobe broad and 2-lobed, the two lateral ones small and pointed. 
Stamens 4, didynamous, epipetalous ; filaments downy, wringing uom the 
upper part of tne tube of the corolla, partially oonceued witl^ the upper 
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lip. Anthers innate, 2-lobed ; lobes superposed, oblong, blackish, introrse, 
dehiscing lonfptudinally ; eonnectiee covered with white hairs. P6llm 
yellowish white. Omry small, ^uncate, 4-lobed, duelled, encimled at 
the base by a pale men, cup-like disk. Ovules solitary in each cell, ana- 
tropal. lAyile sin^ide, basilar, thread-like, as long as the corolla, termi- 
nating in a 2-lohed stigma ; lobes of the stigma short, oblong, pointed. 
Fruit of four (or fewer by abortion), 1-celled, l-seeded, indehiscent, blackish 
shining lobes or achenes. Seeds solitary, erect, inverted, exalbuminous. 
Embryo straight ; cotyledons large, plano-convex ; radicle short, inferior. 

Such descriptions are now usually given in a modem lan^age 
when occurring in works descriptive of the plants of particular 
countries and intended for general use, d;c. In general systematic 
works, or in isolated notices, published in periodicals or Transactions, 
addressed more particularly to proficients, the Latin language is 
usually preferred, as it is understood by botanists of all nations and 
is less vague in its application. 

Detailed descriptions are commonly given only where new spe- 
cies are established, or when an uncertain nomenclature is to be 
made clear and definite, in a monographic or a general systematic 
work. The classification of plants into genera, families, &c., in the 
Natural System, ren^rs the repetition of the peculiar marks of 
these groups unnecessary ih the characterization of the subordinate 
groups or forms. For this reason, ckartwtei's and diagnoses com- 
monly replace the complete descriptions of species in ordinary 
descriptive botanical works, since, as the character of the genus 
includes those peculiarities of the floral organs which are common 
to all its species, and which constitute the bases of the genus, it is 
only requisite to connect with each species the character by which 
that species is distinguished from others. 

The following condensed description of the white Dead-Nettle, from 
Bentham’s ' Handbook of the British Flora,’ will show how, when the cha- 
racters of the order and genus are known, a faithful portrait of the species, 
and one comprising the most conspicuous features only, may be drawn up: — 
A rather coarse hairy perennial, with a shortlv creeping stock, and decum- 
bent or ascending branchingstems, seliom aoove a foot high. Leaves 
stalked, coarsely crenate. lowers pure white, in close axillary whorls of 
6>10 or more. Calyx-teeth fine, long, and spreading. Tube of the corolla 
cur\*ed unwards, and longer than th^ ^yx, with an oblique contraction 
near the base, corresponding with a ring of hairs inside; the upper lip 
long and arched ; the latere lobes of the lower one slightly prominent, 
wim a long flue tooth.” Then follows an account of the station in which 
the plant is found, and of its geographical distribution throughout this 
country and the continent 

Value of Charaoten. — ^Having gained a general idea of what points 
are to be looked to in drawing up a description of a plant, and having ac- 
q^uired a familiarity with the meaning ana application of terms, it is par- 
ticularly desirable that the student should be able to form an estimate of 
the remive wdue and in^iancs of characters for practical purposes : for 
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instance, those characters which serve ta identify and distinguish large 
groups of plants are of more conseq^uence than such peculiarities as pertain 
merely to small groups or to individufd plants. With a view to fix the 
attention on the more important or cardinal characters, those which are 
of most use in drawing up a diagnom of a plant or of a group of plants, a 
form of schedule is given ; and the pupil is recommended to make similar 
ones for himself, ana by their aid to draw up an account of the more im- 
portant characters of any flowers he meets with, checking them and com- 
paring them with the descriptions given in books, or with the instructions 
of his tutor. These schedules should be kept for comparison with others 
relating to other plants; and by this method a practical insight into 
plant-construction, and the relationships of one plant to another, may be 
more speedily and thoroughly obtiiinea than by any other means. The 
schedules here inserted by way of illustration are filled up from a Common 
Buttercup (llanwiculm) and from a Dead-Nettle {Lamium), The cha- 
racters therein given are sufficient to enable the student to determine the 
orders to which the plants belong, which is the first and most important 
consideration ; but tiiey are not sufiicient to indicate the genuSf still less 
the particular species. To discriminate these minor groups, recourse must 
be had to the other peculiarities presented by the plants in question, as 
before detailed. 
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Generic Character. — ^The generic charctcter is perhaps the most 
important element in Systematic* Botany. It should contain a short 
description of the peculiarities of the group, so as at once to cha- 
racterize this as it exists in itself, and to furnish the means by 
which it may be distinguished from all other genera belonging to 
the same division of the Vegetable Kingdom. The following ex- 
ample of the character of the genus Campanula, Linn., as given in 
Eiidlicher’s * Gtenera Plantarum/ will illustrate this : — 

Campanula, Linn. — Calyx with an ovoid or subspherical tube adherent 
to the ovary, the limb superior, five-toothed ; the teeth either fiat at their 
margins or decurrent into lobes overlying the sinuses. Corolla inserted 
at the summit of the tube of the calyx, more or less campanulate, five- 
1 ^bed or five-toothed at the apex. Stamens five, inserted with the corolla ; 
filaments broadly membranaceous at the base, and, with the anthers, free. 
Ovary inferior, throe- or five-celled ; cells superposed to the lobes of the 
calyx. Ovules numerous, on nlacentas projecting from the central angles 
of the cell, nnatropous. Style covered with quickly deciduous hairs ; 
stigmas 3-5, filiform. Capsule ovate or turbinate, 3-5-celled ; cells burst- 
ing near the top or bottom by a parietal valve turning upward. Seeds 
numerous, mostly ovate, flattened, more rarely ovoid and very small. 
Embryo orthotropous, in the axis of fleshy albumen \ cotyledons very short \ 
radicle next the hilum, centripetal. 

Perennial or annual herbs, sometimes low and tufted, sometimes erect, 
tall, many-flowered, diffused throtigh all the temperate and cool regions 
of the northern hemisphere, forming a great ornament to meadows and 
groves ; radical leaves very often larger and more obtuse, with longer 
stalks ; stem-leaves alternate, varying ; flowers mostly stalked, racemose, 
rarely spiked or in clusters, very often rather large, blue, or sometimes 
white in the same species.” 

The first paragraph here contains the essential character of the 
genus ; the second paragraph is a description of the general cha- 
racters of the species belonging to it, which is usually appended to 
such complete generic characters. 

Tt will be observed that this ^neric character not only enables us to 
distinguish plants belonging to this group, but describes the genus so fully 
that we become acquainted with all its important peculiarities, while, 
being drawn up irrespectively of any Order, alliance, or class, it is equally 
available as material for any 'Natural or Artificial classification of Flower- 
ing plants founded on the fioral organs, since it contains the information 
requisite for ascertaining its relations. 

Diagnosis. — The diagnosis of a genus is more limited in its 
nature and purpose. It is used, when genera are described under 
fixed systematic heads simply for distinctive purposes ; and it is 
therefore confined to denoting what is absolutely necessary for this 
purpose. Thus, in Babington’s * Manual of British Botany,’ the genus 
Campanula occurs under the head of the Order Campanulaceas, the 
character of which includes much of what is given in the generic 
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chiuracter of Campanula^ above cited ; so that it soiBoes for the 
distinction of Campanula from its iJlied genera to give the followii^^ 
brief abstract, or diagnosis : — 

CaannantUa : — Calyx 6-parted. Cor, mostlj bell-shaped, unih Ursdf 
and shallow segments. Ardhero free ; JUammdo dilate at the base. 

» Stigma 3-5-jQd. Capsuk not elongated, S-d-celled, opening by latttml 
pores outside the segments of the cuyz.’* 

It is seen at once that this fails to furnish the complete 

notion of the genus which is obtained from the dmriptwe eharo/cter^ 
and that it does not Suffice to indicate the position of the genus, 
either in a Natural or Artificial classification. On the other hand, 
for its own especial purpose (that is, of indicating the distinctions 
between allied genera), it may be even stiH more reduced, as is often 
done in works describing the pitots of a limited district, wh^ only 
a few genera occur in the natural order ; for example, wb might 
give diagnoses of the British genera of Canipanulacem in this way — 

A. Corolla rotate, segments linear; anthers cohering at the .base. 

^ ^ 1. Jcaione, 

Corolla rotate, with linear segments; anthers free. 2. Thyteaima, 

R. Corolla mostly bell-shaped, with broad and shallow segments; an- 
thers free. 

Capsule not elongfited, opening by lateral pores outside the seg- 
• menta of the calyx S, Campanula. 

Capsule linear-oblong, prismatic, opening by lateral pores be- 
tween the segments of the calyx , . . . . 4. Specmariai 

Capsule haJf-flUjMjrior, opening by 3-5 valves within the seg- 
ments of the ciilyx 5. WaMenbergia, 

Specific Character. — ^The specific eharaeter of a plant should 
mention all the constant distinctive peculiarities of a species. On 
the one hand, it should exclude the generic characters which ally it 
to other species of the same genus ; on the olber, it should exclude 
the inconstant characters w^hich distinguish its own varieties. But 
the character of its ordinary varieties, if such exist, may be given 
in a supplementary paragraph, like that appended to the full 
generic character. The distinctive characters of species are usually 
found in the organs of vegetation, as the root, stem, leaves, bracts, 
and inflorescence, or in the habit or duration of the plant. The 
floral organs mostly only give specific characters in their less im- 
portant peculiarities — aa in the shape and relative magnitude of 
the petals, the external characters of the fruits and seeds, <S:;c. — 
the more remarkable peculiarities being of generic value. The 
supplementary notices appended to the strict character of the spe- 
cies generally relate to the ordinary dimensions of the plant, the 
colour, taste, smell, &c, of its organs; these are the marks by which 
the varieties are usually characterized, as will be seen by referring 
to any catalogue of varieties of the ordinary cultivated vegetables* 
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The'0pecific character wyi necessarily va^ in length according to the 
richness 6f a genus in species, some containing many hundreds, -wnile 
others comnriso hut a. single one. When the genus contains blit a single 
species, as tne flop the generic character alone suffices 

for distingi^hing It; but a specific character is even then given Tvith 
advantage, indicating points which are not included in the stnct generic 
character. Where a large number of species exist, the genus is generally 
broken up into artificial sections, characterized by some mark occurring 
regularly in a certain number, which are thus paced under one head : 
this saves the necessity of repeating that character for each species. It 
is also common in modem works to combine a diagnosis with the specific 
character, by marking in italics the especial distinctive marks of each 
species occurring in a particular gi*oup. 

The following examples will make this more clear : — 

Of ^yringa^ L., only six species are described in De Candolle’s ‘ Pro- 
dromus,’j, being all that were known in 1844. The specific character of the 
common Lilac, Synnga vulgana, could thus be given in a few words : — 

“ S, vulgaris j Ij. Leaves cordate or ovato-cordate, quite smooth and of 
even colour ; limb of the corolla subconcave.” 

Ftjur varieties are characterized, chiefly distinguished by the colours of 
the blossoms. * 

Turning to the genus Campanula in the same work, we find no less 
than 182 species. Ikung a veiy natural genus, the species are lospt toge- 
ther under one generic name, but, for convenience, they are arranged in 
sections and subsections. Thus fifty-eight of them are characterized by 
the presence of apnendages on the sinuses of the calyx, such as find in 
the garden Canterhury lleU {Campanula Medium), while the remainder 
are without these. The second section, of 124 species (among which are 
included all our native kinds), is further divided into Subsections, cha- 
racterized principally by the neculiarities of the capsule, and these, again, 
into groups according to the hind of inflorescence, &c. ; so that when we 
Come to the ^cific character itself none of these points have to be re- 
peated, and the definitions are restricted within very narrow limits, as for 
instance : — 

“ C. rotundifolia, L. liadical leaves stalked, cordate, rounded, crenato- 
dentate ; stem-leaves linear or lanceolate ; teeth of the calyx awl-shaped, 
erect, onc-third the length of the btdl-shaped corolla.” 

In a w’ork devoted t«>. a limited flora, as that of Britain, w^herfe there exist 
only eight api'cies of Campanula, we may adopt the sectional divisions, 
and limit the specific character as above, or give a longer character, in- 
cluding the marks of the sections ;*tho latter plan is the letter, where 
space is not an object, since it mokes the character itself more instructive. 
Thus, in the ' British Flora,’ we find — 

" C, rotundifolia, L. Glabrous; root-leaves subrotundo-cordate, cre- 
nate (very soon withering), lower cauline ones Icmceolate, upper linear 
entire; flowers solitary or racemose, drooping ; calyx-segments subulate; 
capsule drooping, with the clefts at the base.” 

In Bahin^on’s * Manual,’ on the contrary, where tho subsections 
founded on the capsule are adopted, this mark is omitted in the essential 
character : — 

“ C. rotundifolia, L. Radical leaves cordate or rentform, shorter than 
their stalks ; stem-leaves linear, the lower ones lanceomte ; flowers me or 
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more, racemose ; corolla turbinate-campaniilate. — Stem 6-12 inches high. 
Radical leaves soon vanishing ; corolla blue ; calyx-segments linear- 
subulate.” 

This example further illustrates the method of giving a diagnosis at the 
same time, by italicizing the characters by which the species is distin- 
guished from its nearest allies ; it also shows the manner in which expla- 
natory or descriptive notices are added in a supplementary paragraph to 
the essential specific character. 

Lastly, if we have to deal with a limited number of species, such 
as the British Bell-flowers, to which we have just referred, we 
may, for simple purposes of distinction, construct a diagnostic 
table, like that above given for the genera of CampauuIaoefB. 

Mowers sessile, in terminal or axillary clusters ; cap- 
sule sessile, erect, with the pores at the base . . C. glomerata. 

Flowers in racemes or panicles } capsule stalked. 

Capsule nodding, with the pores at the base. 

Flowers in a unilateral niceme, segments of 


calyx ultimately reilexed C, rapuneuloides. 

Flowers racemose, segments of calyx always 
erect. 

Peduncles 1-flowered C. latifolia. 

Peduuclos 2-6-flowered ...... C. Trachelium. 


Flowers on long slender stalks, solitary, or in 

a lax few-flowered corymbose raceme . . C, rotundifoHa, 

Capsule erect, with the pores just below the 
segments of the calyx. 

Segments of the cal^TC entire. 

{segments of the calyx lanceolate; raceme 
few-flowered, or flower solitary . . C. persidfolia, 

Se^mentsofthecalyxawl-shaped ; flowers 

in an erect racemose panicle . . . . C. Rapuncuhta. 

Segments of the calyx toothed at the base; 
flowers paiiicled, erect, on long stalks . C, patula. 

A few of the general rules observed in writing descriptions of 
plants may be mentioned here, aa explanatory of certain techni- 
calities which will be met with in systematic works. 

The generic name is always commenced with a capital letter, 
while that of the species is usually witten small : but we find in 
most book;s a capital letter to the*speciflc name, 1, where this name 
is the appellation of another existing or suppressed genus used ad- 
jectively, as Agrimonia Eupatorium^ Mentha Palegiv/niy &c. ; 2, where 
the specifle name is formed from a proper name, either as the 
genitive case of a substantive or in the adjective form, as in Scirpus 
Savii and Carex Davalliana, Specifle names denved from coun- 
tries are now usually written small, as Silene anglica. 

When a generic character is written in Latin, the descriptions 
of the organs are ail put in the nominative case ; in a specific cha- 
racter they are put in the ablative. 

N 2 
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When describing a species, it is usual to subjoin its habitation 
(Huhitat ) — that is, the nature of the places in which it is usually 
found, such as “Woods,” “ Dry hilly places,” “Bivers,”&c. lii 
general systematic works the native country or province is stated; 
in works relating to limited districts, specif localities are given for 
rare plants. 

The following marks and abbreviations are commonly in use to 
indicate certain other points : — 



or A =an annual plant. 


or 13 =a biennial. 
y. or P =a perennial. 
Sli=:a shrub. 


T =:a tree. 


(S , a male flower. 

5 , a female flower. 

^ , an hermaphrodite flower. 
(5* 5 , a monoecious plant. 
cJ - 5 , a dioecious plant. 


The time of flowering is indicated by numbers, referring to the 
months, as 6-8 or vi“Viii= June to August, &c. (See also p. 103.) 


Many other signs are met with in Systematic works, but they are very 
often used in difterent senses by diflere'nt authors, so tliat no general ex- 
planation of them can be given ; moreover the sense in which they are luscd 
IS generally explained by the author. 


CHAPTER II. 

SYSTEMS OF CLASSIFICATION. 

Sect 1. Artificial Classification of Plants. 

An arrangement of all known species of plants in -a series of 
classes, constituted upon certain fixed principles, forms what is 
termed a System of Vegetables. 

The classification of plants b;^ generalization, the Synthetic or 
Natural Method, is adopted in all cases in forming the groups of 
the lowest rank, namely Genera, These are established by the 
combination of a number of allied species under one name, on 
account of their aflinities; and, os we have already mentioned, 
the same genera are used in all dassifications. 

From this point Systems diverge. The Natural Method is pur- 
sued further on the same principles of generalization, where the 
object is to systematize acquired knowledge, mark the agree- 
ments and determine if possible the lineage of plants. Where, on 
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the other hand, it is chiefly desired to mark out the differences of 
plants, in order simply to their easy recognition, Artijidnl Methods 
are resorted to, which are carried out by a principle of analysis^ 
whereby the whole mass of known forms is taken and gradually 
parcelled out into Classes, Orders, <fcc., according to their agree- 
ment or difference in certain fixed characters. 

Most of the older systems were more or less Artificial, the earliest 
commencing with the division of plants into Trees, Shrubs, and 
Herbs, Land -plants and Water-plants, and the like. As advances 
were made, organs of more and more importance were chosen to 
furnish characters ; and we find plants subsequently classed by 
tlieir foroWau, by their fruita, <fcc. ; but in none of the systems pro- 
. posed before the time of Linnseus do wo find one given principle 
carried out through the whole. 

The LinnaDan System. — When Linneeus entered upon his labours, 
there lay before him a mass of information in a very unmanageable 
condition. His reforming genius introduced order, in the first 
instance, by the substitution of short fixed names for species, on 
the binomial plaff, by the definition and secure establishment of im- 
perfectly characterized genera and species, and then advanced to 
the necessary task of arranging the genera so as to render them 
recognizable. The artificial methods founded on the floral enve- 
lopes &c. had proved insuflicient ; and therefore he turned to tho 
essential oryans of flowers, the physiological importance of which he 
himself contributed greatly to establish. The selection of these 
organs resulted in the formation of an Artificial System in which a 
fixed principle is regularly carried out, and which, from the phy- 
siological importance of the characters employed, approaches in 
certain of its coordinations to a natural arrangement. 

Species and Genera form the foundation of all Systems. The 
object of the Linnsean System was to arrange genera in groups 
characterized by simple striking marks, so that the existing 
description of a given plant might be readily found, or the de- 
scription of a new plant might be placed where it would be easily 
referred to. Such marks Linufous obtained in the essential or 
S0xml organs of plants (in flowers, tho stamens and pistils)^ whence 
his System is sometimes called the Sexual System. The highest or 
most general groups, which he called Classes, are founded on the 
conditions of the stamens. These Classes are subdivided into 
Orders, founded either on the conditions of the pistils or upon 
secondary characters of the stamens. The orders include the Genera 
(in large Orders grouped into sections according to various artificial 
characters). The Linnaean Classes are twenty-four in number, of 
which the first twenty-three include all Elowering Plants: the 



182 


bybtbmahc BOTAirr. 


twenty-fourth, Cryptogamia, including all Flowerless Plants, was 
a chaos when first established, and its subdivisions were not then 
definable by single characters. As the Linnsean system is no longer 
in use, further mention of it is not needed. 

Sect. 2. Natural Classification op Plants. 

In this method of classifying we pursue the same path by which 
we arrived at the genera, and combine these into more general 
groups, not according to arbitrarily chosen or isolated characters, 
but according to their natural affinities — that is, the agreement in 
their total organization, and consequently their presumed degree 
of kinship. Genera are thus gathered together into Families or 
Orders, these into Cohorts and Classes, and finally the entire 
VegetaWo Kingdom becomes marshalled into a few Provinces or 
fSahkingdoms. 

It is evident from this, that a Natural System founded on a perfect 
knowledge of all existing plants would present to us a kind of aDstrnct 
picture of the Vegetable Kingdom, in which all its essential chanicters 
would be represented in their real proportions, places, and connexion. 
Not only, however, are we far from being acquainted with all exist- 
ing plants (not to mention the numerous kinds now extinct), but the 
essential peculiarities of a vast number of the known plants have been 
as yet hut imperfectly studied. Hence we have at present various plans 
for the Natural Arrangement of plants, presenting peculiarities depen- 
dent upon the amount of knowledge, or the peculiar views, of their re- 
spective authors j which plans or Systems must be regarded ns so many 
rough draughts or sketches, to serve as material for the elalKiration of the 
true and complete Natural System. As the principles of classification are 
fully recognized, and as the amount of plants thoroughly known is already 
very large, there is a close agi’eement in the general features of the dif- 
ferent ** Natural Systems,” and especially in the manner in which the 
Orders of plants are defined. The cnief diversities of opinion arise out of 
the different estimations of affinities and differences of the families. 

Yalue of Characters. — ^To characterize the Natural Method more 
distinctly, it must be added that especial attentiou is paid to the 
relative importance of the chaiticters presented by each plant, a 
determinate scale being formed, in which tbe organs are ranked 
according to their “congenital” or “acquired” origin, their phy- 
siological importance, the complexity of their construction, and 
their comparative invariability. Congenital characters are common 
to the largest number, and are the most constant, hence the most 
important. 

Thus, while species of the same ^enus, distinguished generally by the 
external characters of their vegetative organs, are combined by likeness 
in their flowers, genera (in which difierence of the floral envelopes, or of 
the external ch^acter of the fruit, or some such character exists) are 
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combined into an Order on account of the agreement in the structure of 
the ovary and its relations to the floral envelopes. Tlie characters of seedsy 
and more particularly of the embiyos, g^ve a stUl higher divisional cha- 
racter. Tnese characters of successively higher groups are marked in 
organs of progressively higher physiological and morphological impor- 
tance, affinities between such organs being proportionately more valuable. 
But they possess this value not merely on their own account ; for if that 
were the case, the method would be still to a great extent artificial : they 
indicate the coexistence of proportionate agreement in the total organi- 
zation, which renders them exponents not merelv of the afiinities of the 
plants in re^ct to the particular structure to which they belong, but of 
all their affinities, and of the rank which a given plant holds in the 
Vegetable Kingdom. As a ^neral rule, it is found tnat the agreement 
of the total organization of plants is generally proportionate to the phy- 
. siological value of any given organs in which they agree ; or, in other 
words, agreement in the structure of any given organ indicates general 
agreement in all the organs of less iniportimce than itself. The afreemont 
here referred to is of course a general structural agreement, a relation to 
a common type — not a resemblance excluding the multifold minor diver- 
sities which present themselves within the limits of almost every type. 

Practically, moreover, we have another principle to keep in view, 
which indeed, while it affords as it were the verification of the in- 
ductions of the above principle, is our sole guide in dealing with 
the subdivisions of the more comprehensive types. This is the rule 
that the closest affinities are marked by the agreement in the majo- 
rity of characters of equal importance ; or if the characters, as is 
more commonly the case, are of uneciual importance, the principle 
of decision by the majority is carried out by ascertaining the pro- 
portionate values of the organs in which agreements and differences 
exist, and striking a balance as with equal factors. 

Many of the older botanists had attempted to construct a Natural Sys- 
tem ; and Linnssus left a sketch or fragment of one, in the form of a list 
of names of families without definitions, regarding its realization as the 
ultimate aim of Botany. Many of the families in these older Systems are 
gi'ounded almost exclusively on habit,” or general external character. 
The two Jussieus, Bernard and Antoinc-Laurent, have the merit of the 
discovery of the only principles upon which a really Natural System can 
be founded. And so accurately did A.-L. de Jussieu carry out these prin- 
ciples in his arrangement of the then existing genera, that the families 
wnich he established are still almost all received into our present Systems, 
where some of them are indeed broken up into smaller groups, but where 
the greatest increase in the number of families arises from subsequent 
discoveries. 

The characters of the natural Families established in this way will be 
found to be far less exact and definite than those of the Linneean classes and 
orders, and by no means so rigid even as those of natural genera. The cha- 
racter of a family is founded on the totality of its essential characters, and 
includes the essential characters of a^eement of all its genera. The genera 
contained in most of the families exhibit a considerable range of differences; 
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allowance must be made for these ; and this gives a laxitT- to the family 
character which is puzzling to the beginner. For example, the family 
Kanunculaceto is very natural ; but we find in its character a certain range 
of difference allowed ibr in the sepnls, petals, pistils, and fruit ; the insertion 
of all these, howeve:^ and that of the stamens, is hxed, and so is the cha- 
racter of the seed. Similar conditions occur in most other families. The 
decision as to what family a genus is to be referred to is made according 
to the principle of majorities : whichever it agrees with in most of its cha- 
racters (say, eveh three out of five), to that family it belongs. Great diffi- 
culty, however, exists in certain cases from a vast series of genem running 
into one anotlicr by almost imperceptible gradations, and this in different 
directions. A considerable nujnber of these agreeing closely are associated 
into a family ; anotlier similar group forms another family, and so on ; and 
then, in the course of time, sundry intermediate genera present themselves, 
which connect the established families, and which it is difficult to place by 
the usual choice iti eitlier one or the other, the characters being balanced. 
Thus thS Natural family Loganiacem is connected by “ aberrant ” genera 
willi Kubiacem, Oenlianacejo, Scrophulariacefe, and otlier families which 
are truly natural, but which in this way come to be separated by somewhat 
indefinite boundary-lines. The fact is, that the Vegetable Kingdom is a 
whole, the families having seldom a distinct isolated existence, except in 
the minds of botanists. It may be presumed that they are all variations 
from one or n few original stocks, and thus have numerous intermediate 
or connociing links ; and wo must regard them as analogous to countries 
on the globe, which are parcelled out under distinct names, but most often 
adjoin and run into one another, being only separated by an arbitrary 
boundarv-line. Some, indeed, lie off from tlio rest, like islands, the inter- 
vening links being extinct ; but these are tlie exceptions. Such excep- 
tions are found among the families which were established by the older 
botanists, in which the essentiid agreements are acconn)anied by a striking 
character of external habit, as in the Grasses, the Urnb(*llifene, the Com- 
posita?, the Jjeguminosro, the Coniferae, the Palms, &c. Such remarkable 
peculiarities as thesti families posst'ss mostly previ*nt them being broken up 
into .smaller groups, os lias occurred to many of the earlier orders of largo 
extent ; and most botanists prefer to distribute these genera into suborders 
rather than discard the cliaractcTistic general name. Examples of these 
are found especially in the Leguminosso, Kosaccce, and Composite. 

The Families or Orders arc for the most part the same, in all 
essential respects, in all existing “Natural Systems.” A conside- 
rable diversity presents itself iij the modes in whicH different 
authors have grouped these into Classes or Alliances. These, how- 
ever, are still Natural groups, as are also those of still higher gene- 
rality indicated in the chapter on General Morphology. But all 
writers on Systematic Botany have found it requisite to group the 
Orders or Classes of Flowering Plants into sections of somewhat 
less generality than Bicotvledons and Monocotyledons, as these 
respectively include series of families so extensive as to be incon- 
venient in practice if left undivided. The members of these series, 
however, are so intimately connected together by their natural 
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afBiiities, that it has been found indispensable to have recourse to 
certain arbitrarj or artificial characters for the foundation of the 
sections — characters derived chiefly from the conditions of the 
petals and stamens. The nature of these Sections will be best un- 
derstood from the examples which follow. 


The Jnssienan System. — Jussieu established his primary divi- 
sions of the Vegetable Kingdom on characters which, although not 
unexceptionable, define really natural groups, which are found 
under different titles in all >iatural Systems. The characters 
were the absence or presence of the embryo, and its structure when 
present, in the seed. On these characters stood the ttr^ divisions 
Acotyledom (plants wilhout an embryo), Mommtyle'dQm^ 

• tykdom. The first of these names is bad, as founded upon a neya- 
tire character ; but the pLants which it included were imperfectly 
understood in fhe time ot* Jussieu ; the Acolyledoiis corresj)ond to 
the Cryptogamia of Unna'iis, which are now by more complete 
analysis distributed into two sections, divided by even more im- 
portant characters than the Monocotyledons and Dicotviedons. 
The other two divisions are still retained, witli very slight modifi- 
cations, in all Systems, buf are subordinated under divisions founded 
on more important charactci's. 

The following Table exhibits Jussieu’s arrangement : — 

ClflMB 


Acotyledons I. 

{ Stamens hypogynoua If. 

}} perigynoiis HI. 

„ oi)igyuou8 IV. 

i Stamens epigynous V, 

„ jMTigynous VI, 

„ hypogyiious yil. 

[ Corolla h\ pogynous VIII. 


MoNOPETAI.OrS ( 

Dicotyledons^ I 


PoLYi'ETALOUS „ liypugynous XIII. 

I « perigynoufl XIV. 

Diclinous, irregular XV. 


pi'ngyuous lA. 


[Anthers I 

1 coherent | 

„ ep..7«0U8 ! 


X. 


( distinct 


1 


Stamens epiinmous XII. 


The three primary divisions here are natural ; the Classes must be re- 

S arded as artificial ; the Families, however, into which the latter are 
ivided, are natural groups, and to a great extent are retained in more 
modern systems. The families of Jussieu wei*e more carefully defined, 
corrected, and extended by Hooert Drown, whose researches contributed 
most essentially to the establishment of the Natural System ; but he did 
not attempt to establish any general plan for their coordination in ClasseB. 
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De CwdoUe’s System. — Aug. Pyrame De Candolle endeavoured 
to classify the Vegetable Kingdom on principles more in harmony 
with the knowledge of the structure of plants accumulated since 
the promulgation of Jussieu’s System. De Candolle’s System has 
become very generally used, on account of its having been adopted 
in the great Descriptive work which he commenced, the ‘ Prodromus 
Systematis Naturalis Eegni Vegetabilis,’ a description of all known 
species of plants. His subdivisions of the Exogens (or more pro- 
perly Dicotyledons) are retained in many works. They are artificial, 
like the “ Glasses” of Jussieu, but are, like them, convenient for the 
distribution of the families into groups of manageable dimensions. 
They are four in number, and founded on characters of the floral 
envelopes, viz.: — 1. TiiALAMiFLOEyE, in which the petals are distinct, 
and (like the stamens) inserted on the receptacle (hypogynous) ; 
2. CALYOiFL<JKyE, with thc petals distinct or coherent and (with the 
stamens) inserted on the calyx (perigynous) ; 3. CoiiOLLirLOBiB, 
with the petals coherent, and inserted on the receptacle (the stamens 
being inserted on the corolla) ; and, 4. Monoculamyde^, or plants 
with a perianth or a single circle of envelopes. 

In De Candolle’s enumeration of the families, which had greatly 
increased in number from Jussieu’s list, the reverse order of 
secpienco is followed, the higher plants standing first. As regards 
this point, however, it is a misconception to place the Thalamijlorm 
first among the Dicotyledons, since they are manifestly inferior to 
the Calycijloroiy and even to the CorolUjlorce, 

During the last forty years a great many attempts have been 
made to distribute the Orders more satisfactorily into Classes and 
primary Divisions. Endlicher, Bartling, Meisuer, Brongniart, 
Lindley, and many other authors have published Systems of their 
own. 

Endlicher’s System. — ^That of Endlicher has been extensively 
used, and, moreover, is the basis of arrangement in his great 
‘ Genera Plantarum.’ 

Kegion 1. Thallophyta. Sect. I. Protophtta ; 11. IIysteeo- 

PHYTA. • 

Begion 2. Cormophyta. 

Sect. III. Acbobrta, Cohort 1. Acrobrya anophyta; 2, 
Acrobrya piolophyta ; 3. Acrobrya hysterophyta. 

Sect. IV. Ampuibrta. V. Acramphibrta. Cohort 1. Qym- 
uospermeo); 2. Apetalse; 3. Gamopetalae; 4. Dialype- 
talm. 

The cohorts are subdivided into classes, and these again into orders. 
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Brongnua^ t’s System.— The arrangement of Brongniart is mnch 
followed in France. Its general character may be understood from 
the following table : — 

Division 1. Gryptogamas. Branch 1. Amphioen^s (Thallogens) ; 
Branch 2. AcROOENiB. 

Division II. Phanerogams. 

Branch 3. Monocotyledones. Series 1. Albuminoss ; 2. Ex- 
albumiiiosffi. 

Branch 4. Dicotyledones. 

Subbranch 1. Aiujio^permm, Series 1. Gamopetalte: 
§ i. Perigynm ; § ii. Jlypogyiuc. Series 2. Dialy- 
pctalsD : § i. H^^pogynm ; § ii. PcrigyiiOD. 

Subbranch 2. Gymnoapennce^ 


Lindley’s System is the one proposed by its distinguished author 
in his ‘ Vegetable Kingdom.’ Although the system itself was never 
generally adopted, the book itself is an admirable encyclo|)8Bdia on all 
points relating to Systematic Botany and the uses of ])lants up to the 
date of publication. Jandley’s main groups were : — 1. Thallogens; 
II. Acrogens; IU. Ehizogkns; IV. Endogens ; V. Dictyogens ; 
VI. Gymnogens ; Vn. Exogens ; the latter being subdivided into 
Diclinous, Hypogynous, Perigynous, and Epigyuous subclasses. 
The subclasses were again divided into alliances, and these into 
orders. The special peculiarity of this systom is the formation of 
a group for certain root-parasites, destitute of true leaves ; and of 
Dictyogens — a class of plants with the netted venation of Exogens 
and the ternary flowers of Endogens. 

Bentham and Hooker’s System. — Since the publication of the 
‘ Vegetable Kingdom ’ a very important work on Systematic Botany 
has been commenced by Mr. Bentham and Sir Joseph Hooker, 
entitled ‘ Genera Plantarum.’ This work, so far as at present 
published, comprises a description, in Latin, of all the known genera 
of Polypetalous and Gamopetalotis Exogens, together with analy- 
tical tables admitting of the ready determination of any particular 
genus, notes of aberrant or exceptional forms, &c, Tlieir scheme 
is more fully explained in the English translation of Le Maout and 
Decaisne’s ‘General System of Botany,’ edited by Sir Joseph 
Hooker. Its main features are given in the following table. The 
arrangement of the Monocotyledons, however, is taken from Mr. 
Bentham’s paper on the classification of Monocotyledons, in the 
‘ Journal of the Linnean Society ’ for November 1876. 
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Subkin^clom I. PHANEBOOAMIA. 

Class I. Dicotyledones. Subclass T. Anotospebme.®. Divi- 
sion]. J*ohjpetal(t>, Series 1. Thalamiflora) ; 2. Disciflorao; 
f‘3. Calyciflorae. — Division II. Mompdahv, Series 1. Epi- 
pyijJD; 2. llypo^yine v. Perii^yna). — Division JTl. ApetaUe. 
Series 1. llypo^jjyiiie ; 2. Epigyna) \. Perigyn®. — Subclass 

II. GvMNOSPEllMEaS. 

Class II. Monocotyledones. Series 1. Epigynaj; 2. Coronariae; 
ii. ^'udiflorie; 4. Glumales. 

Subkingdoin TI. CBYPTOGAMIA. 

Class III. Acrogens. 

Class IV". Thallogens. 

Suboidiiiale to tln^ series’’ are cohorts/’ or groups of orders of equal 
value, tliough witli different liinilntions, to the “ alliances ” in Lindlev's 
* Svstf'm,’ The only point which rcMpiires explanation here is the senes 
DiHciJlorcet which includes those polypctalous hypogynous orders in which 
there is a consnicuous hypogynous disk or series of glands, into or be- 
^wcjen which tlio stamens are inserted. 

Braun’s System. — In (icrmany the classification of A. Braun is 
now nmch followed. 1’ho follovnng aro his main groups of Phane- 
ganis as modified by llanstciii, Hachs, and others : — 

DICOTYLEDONES. 


Mono- 

Jnliflorse. chlamydesB. AphanocyclsB. Tetracyclse. Perigyna. 

Piperiiiojo. Sj.Tpeiitariejc. Tlydropdtidiueie. (rnmopvt-alte, Calyci- 
Prticinem. Ithizanlliea}. I*(dycaipa\ Aiiisocarpm. florae. 

Aiiieutifone. Cruciflorjc. IsocarjMC. Corolli- 

, florse. 

p, Eletffhero^ * 
pvtaUe, 

* Eucvche. 

CentrospermsD. 

Discophone. 

Juliflorre correspond nearly to Amentales, and are characterized by 
spicate or amentaceous inflorescence, diclinous flowers, and mono- or 
achlamydeous flowers. Monochlnmydero have a well-marked perianth 
of one row ; Aphanocyclos have calyx and corolla, the parts of the flower 
(except in some cases the carpels) being arranged in .'Spiral cycles. In 
Tetrocyclm, the parts of the flower ore in whorb. This group comprises 
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the Hiolamifloral, Calvcifloral, and OoroHifloral divisions of Do Candolle, 
: perianth tiibular below, bearing the stamens, and free fr<»m 
or adherent to the carpels. In this ^roup the Calycillone have a single 
poriautb^ the Corollitlora) a calyx and corolla. 

Glassification of Cryptogams. — This is in a transitional state. 
Th(i following is the latest arrangement, adopted by Sachs. It 
will be seen that the orders are arrangpd in two parallel series, 
according to the presence or absence of chlorophyll. 


Group I. Thallophyta. 


Class 1. Protophyta. 


With chloropliyll. 
Cyammliyvvfn. 

( >hr< )ococcaccfc. 

()scillntori(*jc. 

Scyt()iu‘nu‘.T. 

Nostociic-fjc. 

llivulariacete. 


chlorophyll. 

SchizomyvvtvA, 

Sj)lin*r«)bactt*ria. 

Dcsmobac’tiMia. 

Spirobncttria. 


Pahnellacecc, 

Euykmce, ^ Siiccharomyces. 


Class 2. Zygosporeic. 

A, Voujviijatinij cclU motile. 

Voh'ocineep. Myxomycetea. 

\^Ilydriitlixtye((‘. ] 

Conferv<ivv<a. 

Ulvaceee. 


Ji. Chojugatuiy veils stationary. 


ConjityaitB. 

Desinidicae. 
Diatom iiccjc. 
Mesocnrpem. 
Zygnemcte. 


Zyyomyvet.es, 

Miicorini. 

Piptocephalida3. 


Class 3. Oosporeae. 

Bphccroplm, 

Codoblaatee, 

Vaucheria 

(Edogoniecp, 

Fucaceat, 

\^Ph<so8pore€B,'\ 


Saprolegnieee. 

Perono.Mporeas. 
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With chlorophyll. 
Cohochoitee, 

Fhriflvfe, 

Nemalieee. 

Cy»ramieie. 

l)udru»uaya. 

CharaccfB, 


Class 4. Carpospore®. 

Without chlorophyll. 
Aacmnycetes, 

Gvmnoascus. 
Disconiycetes. 
Ervsiplie®. 
Tuberaceae. 
I’yrenomycetes. 
Lichenes ? 
JEcidwmycetes^ 
liasuUomycetes, 
JOxobaHidiiim. 
Tremolliui. 
irynionomycetes. 
Gasteromycetes. 


Group II. Cormophyta. 

Seric's I. Ertopiiyta. 

Class 1. Miisci. 

Class 2, lie pa tie®. 

Scries LI. PTKraoorriYTA. 

. Class 1. Pilieales, 

i. 

< Iphio^dossofo. 

jMamttiact 

ii. lulUrs. 

iii. lihizovarpea*. 

Class 2. Equisetaee®. 

Class 3. Diehotonia?. 

i. Lyropofiwcp^. 

I A copoditNC. 

. I’sildtea^. 

IMivlloglusse®. 

ii. Liyufahp, 

Sola<;i iielleae. 

Isoftouj. 

Camers System. — Quite recently an arrangement has been pro- 
posed by Prot'essor Camel, based on the circumstance that there are 
in the same individual plants sexual forms or stages, male or female 
as the case may be, and im asexual or neutral form ; thus in Phane- 
rogams the asexual form is the embryo developing indefinitely and 
becoming ultimately an adult plant, which latter produces a male 
form, the pollen, and a female fonn, the ovule, which becomes a 
seed with definite evolutiou, containing “ oospheres ” or germinal 
vesicles in a closed “ oogonium ” or embryo-sac. The following 
are the outlines of the scheme, which we give in this place, though 
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it cannot be understood by the pupil until after he has made 
himself acquainted with the morphology and physiolo^ of Cryp- 
togams and Phanerogams and the details of the reproductive pro- 
cess in the several orders. 

earners primary groups are : — 

I. PiTANEBOOAMiE. — Plants trimorphic, one form neutrah pro- 
ducing ngamically tw^o sexual forms, male and female respectively ; 
neutral form originating from a fertilized oosphere and developing 
into a pro-embryo, like the embryo originating longitudinally ; 
evolution indefinite. Male form represented by tho pollen in the 
anther. hVmale by the ovule, ultimately the seed ; evolution defi- 
.iiite, containing the oosphercs iii a closed oogonium. 

ri. SciiTSTOOAMJE. — Plants trimorphic. ^Neutral form origina- 
ting from a fertilized oosphere, developing, like tho embryo, trans- 
versely : evolution indefinite. Male form a vermiform phytozoon 
(spiral speriiiatozoid) formed withinananilKirocyst. Pemaleform 
an oogemma, then a semiuulum, with definite evolution, containing 
an oosphere in au open oogonium. (Characeio.) 

III. Peotiiallc)«-am.b. — P lants trimorphic?. Neutral form pro-i 
duced from a fertilized oosphere, developing, like the embryo, trans- 
versely : evolution iiidefiuite. Male form a vermiform phytozoon 
formed within au antheridium. Pemalo form a spore, developing 
into a prothallus: evolution definite, coiilaining a naked oosphere 
within au archegoiiium. (Vascular Cryptogams.) 

IV. BBYOOAMAi;. — Plants trimorphic. Neutral form originating 
from a fertilized oosphere, developing, tike the embryo, longitu- 
dinally : evolution definite. Male form a vermiform phytozoon 
from an antheridium. Female form a spore developing . into « 
lhallus or “ cormus evolution indefinite, and containing a naked 
oosphere in an archegonium. (Musciriem.) 

V. Gymnogamje. — P lants di-, trimoi’phic. In the trimorphic 
form the neutral form is an oospore arising directly from a fertilized 
oosphere : evolution indefinite. Male form a zoosporiform phyto- 
zoon from an antheridium. Female form a sj)ore developing into 
a thallns : evolution indefinite, containing an oosphere in a naked 
open oogonium. In the dimorphic plants, two sexual forms only, 
the male a phytozoon or polHnidium. In the monemorphic plants 
a single form without sexual distinction : evolution definite or in- 
definite. (Cellular Cryptogams.) 

In the following page^ tiie arrangement adopted is, for Dicoty- 
ledons mainly that of De Candolle, for Monocotyledons that of 
Bentham. 
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VEGETABLE KINGDOM, 

Subkingdom I. FHAKEROOAMIA. {Flowering Plants,) 

Class L piCOTrLEDONES. {Exogms,) 

Subclass i. ANGIOSPERMIA. 

Division 1. PolypetalsB. 

Series 1. Tiialamifix)hao. 

„ 2. CALroITLOBJS. 

Division 2. GamopetalsB or Corolliflorse. 

Series 1. iNFEjiiE or Epiotx^k. 

„ 2. SirpEiiiE. 

„ 8. DlOAEPIiR. 

Division 8. Apetalas or Inoompletss. 

Series 1. Supkhje. 

„ 2. Infeu.e or EriGYNyE. 

Subclass ii. QYMNOSPEEMTA. 

Class II. MONOCOTTLEDONES. (Emlogem.) 

Division 1. Fetaloideae. 

Series 1 . EpiaYN-,T5. 

„ 2. C0U0XAllUi.E. 

A. Syncarpiro. 

B. Apocarpim. 

Division 2. Spadicifloras. 

„ 8. Glumifioraa. 

Subkingdom II. CRTFTOGAISOA. {Flowerless Plants,) 

Class I. COEMOPHTTA. {Acrogens,) 

Division 1. Vascularia. 

Series 1. Isospojiia. 

„ 2. llEfEIlOSPOBlA. 

Division 2. MuscinesB. 

CloBs II. THALI.OP1IYTA. {Thallogem,) 

Division 1. AlgSB. * 

„ 2. Fungi. 

In the following systematic description of the Natural Orders, the 
characters of the most impoilniit are given at length, with the necessary 
particulars respecting their affinities, geographical distribution, and the 
qualities of the more important plants tney contain. To most is prefixed 
a short diagnosis ; and a similar diagnosis, or a few explanatory remarks, 
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printed in toialler me accorded to those Oiden which either ate not 
marked by very decided charactere, or which do not demand so much 
attention from the beginner. In most cases the views of other botanists 
as to the position and limitation of the groups are briefly mendcme^ 
Under each Order are placed the names of one or more genera which 
furnish g^od illustrations and which are generally accessible for practical 
examination. 


CHAFTER III. 

SYSTEMATIC DESCRIPTION OF THE NATURAL ORDERS. 

THE VEGETABLE KINGDOM. 

SuDKixGBOM 1. FHANEBOGAMIA, or FLOWERING PLANTS. 

Plants producing stamens and pistils in association or separately, 
and forming seeds containing an embryo. 

Class X. DICOTYLEDONES. 

Flowering Plants, with stems (when woody) having pith and 
bark separated by a compact layer of wood, which, in perennial 
plants, receives annual additions on the outside, beneath the bark ; 
leaves with the ribs mostly distributed in a netted pattern and 
generally diminishing in size as they branch ; parts of the floral 
circles mostly 5 or 4, or some multiple of those numbers, rarely 3 ; 
embryo with a pair of cotyledons and a radicle, which is developed 
into a tap-root in germination. The typically complete floral 
formula, supposing the parts to be uncomplicated by adhesions, 
iiTogular growth, multiplication, Ac., i8tS5P5A5G5, in regular 
alternation. 


Subclass I. ANOIOSPERMIA. 

Flowering Plants, with the ovules formed in closed ovaries. 
Endosperm formed after fertilization. Pollen-cells not dividing 
prior to the emission of pollen-tul^s (see under Reproduction ”). 

Division L Polypetalm. 

Petals distinct, rarely absent or united. 

Ezeepttons. — Hooker notes the following exceptions. Apetalous flowers 
occur in some species of Menispermacead, Caiy^hyllaceie, Malvacen, 
SterculiacesB, Tiliacese, Rutaceie, SimarMbacess, Hurseraceie, Olacaceie, 
Celastraceas, Saxifragaceas, Crassulaceaa, Myrtaceaa, Passifloraceas. Ape« 
talous flowers also may be met with in some Kantfbculaceaa, Magnoliaoeie, 
B^rberidaoe»| , Sarraceaiaceas; Papaveiaceasi Crudferte, ConellaoeiB, 

o 




Figi. 884*^ are illiulntiTe of the BabolMMe of DioOfyledona. 

Fig. 884. Thalanufldne (Aininoic/iM). Fig. 386, CaljoiDora. epigynons (FemleulMm}. 

Fig. 386. Calyoifl(me(Perigynoni (IVuiiim). Fig. 387. CoroHiflonr 

lacompleto ClfoiiSolilMnyd«»)(i;i»oi). 
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Bizaeete, Violaoeie, ZygopHyllacen, Oeraniaceffi, Hhamnacett, 9apindaee»^ 
Terebiuthaceie, RosAceee, Hamamelidacese, BaUamifloriB, Haloragacen^ 
Guiineracese, Callitrichiu!e8B, Khixophommo, Oombretacen, Lythraceia, 
Gnafjpracesa, Samydacese, Loasaccse, Datiicaceoe, Hcoideoe, Tetragoniaceae, 
Oomaccie, and Qarryacefe. 

Plants with connate petals occur in the followinpr usually pol^^etalous 
orders : — AnonaceaSt Pittos|>orace 83 , Polygalaceie^ Portulacaceoe/TamariB- 
caceie, TemistFoemiaceas, liipterocai'psceKi, Ifiimiriaceie, Diosmess, Bal- 
saminaceas, Meliacees, Stackhousiaceie, DroserncecD, Bruniacea*, Napo- 
leonece, Melastomaceae, Turneracea), Cucurbitaceie, Cactacete, etc. 

Series!. Thalamiflok-®. 

Calyx, corolla, and stamens usually free and spriiifring directly 
from the thalamus, or from the outside of an hypogynous disk. 

Exceptions. — The following are noted by Hooker. Connate sepals occur 
in a few orders. Tho calyx is sdnate to the ovary, or to a fleshy thalamus 
in Paonia (Banunculaces)), Oalycantharcsc, some Anonacem, NymphiB- 
acesB, Portulacacess, Cspparidacete, JiixacefB, IMygiilacefe, Ternstrm- 
miacefc, Vochysiacero, Tmaceje, and Dipterocarpace'ai. !’he Biainene are 
perigynous in some Dilleniaceae, PapaveracesB, Capparidacem, Morin- 
gneeap, Resedae-eie, Violaceo), Caryophyllacea', Portulacacece, MolvaceeS; 
and Storculiacoae. 

Order RANUiNCULACEJ^. The Crowfoot Order. 

CtthoH. liaiiales, Benth. et Hook, 

Diagnosis, — Herbs, or climbing shrubs, with a colourless acrid 
juice ; leaves alternate, rarely opposite, simple or deeply divided ; 
ieaf-stalks often sheatliing at the base ; flowers regular or irregular, 


Fig. 340. Fig. 341. 



Fig. 889. Achene of Itawiyeulut, eat vertically to shoir the leed, with an embryo at the baio 
of periqwrm. 

Fig. 840. Flower of Aconite, tide view. showiM the irregnlar petaloid calyx. 

Fig. 341. The sane, with the sepole removed, ehoiriiig the siogalarjy formed petals and 
the numeroos hypogynoas stamens. 

polypetalous or occasionally apetalous, with *the calyx petaloid ; the 
sepafs, petab, aihd numerous stamens all distinct and h^ogynous ; 
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carpels many or few (rarely solitary), all distinct; seed peri^ 
spermic ; embryo small. 

CharcLcter, 

Thalamus convex or flat, often elongated, very rarely concave. 
Calyx green or petaloid, regular or irregular (flg. 340) ; sepals 
3-6, hypogynous, deciduous, occasionally persistent, usually im- 
bricated in mstivation, sometimes valvate or induplieate. Corolla : 
petals 13-15, distinct, hypogynous, in one or more rows, some- 
times deformed (flg. 341) or wanting. Stamens indeflnite, or 
very rarely deflnite, hypogynous ; adnate, bursting longi- 

tudinally. Ovaries several or few, simple, 1-celled, distinct, or 
very rarely coherent below to form a compound many-celled 
ovary ; styles simple ; cells 1- or many-seeded ; placentas at the 
ventral sutures ; ovules anatropous. Fruit : a collection of dry 
acheues, a 1- or few-seeded berry, or a circle of follicles more or 
less coherent below, bursting at the ventral suture ; seeds soli- 
tary, erect or pendulous, or rarely horizontal in two rows ; 
embryo straight, minute, in the base or within the apex of horny 
peinspenn (flg. 339). 

Illustrative Genera. 

Tribe 1. Clkmatideje. Mostly Tribe 4. IlELLEBORKiE. Calyx 
elimhing plants toith opposite leaves, imbricated; petals irregular m' none ; 
Calyx valvate or Lduplicate ; fruit fruit of many-seeded follieles, more 
of achenesj usually surmounted by thi or less coherent^ rarely baccate, 
persistent nml plumose style. Oaltha, L, 

Clematis, Z. Helleborus, Adans. 

Tribe 2. ANEMONEiE. Calyx usu- Nigella, Touruef. 

ally yloured^ imbricated ; achmes Aqiiilegia, 'Touruef . 

sometimes tailed ; seed inverted, Deiphinuim, Toumef, 

Thalictrum, Touruef, Aconitum, Tournef, 

Anemone, Haller, Actiea, L. 

Adonis, jbc. Tribe 6. Pjh: 0 NiEA!. Calyx im- 

Tribe 3. Kanunculbje. Calyx hricated ; petals flat or none ; carpels 
imbricated ; acJkenes not tailed ; seed forming dehiscent pods^ surrounded at 
erect. the base by a disk, 

Banunculus, L, Pceouia, Toumef, 

Affinitlea and Vorphologlcal Strhctnre. — The typical floral formula 
is 8 5 P 6 ^ Aao rsj G 00 , the indicating a spnal arrangement, with 
yaiations, arising from suppression, multiplication, irregular growth, &c. 
The characters which are almost universally found are the free sepals and 
petals, the indeflnite stamens, the inverted ovules, and the presence of 
perisperm. None of these, taken separately, are absolutely characteristic of 
the order, though collectively they ore of the greatest importance. The 
other characters are aU moire or less inconstant or variabie, some of the 
genera possessing them, others not. The conditions of the calyx and 
corolla, and also of the ripe fruit, are not only nonnally very vimed in 
the different .genera, but are readily aflfected and altered by cultivation. 
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The affinitieB of the (Mer are eomewhat complex ; the atnicture of the 
essential organs allies them dhsely to the Magnoliacem and Dilleniacent 
the former of which, however, have distinct stipules, while the latter 
have arillate seeds ; and both difier in habit. Some genera are closely 
related to the Berberidacem, from which, however, they diflfor in the 
indefinite stamens and in the sutural (not valvular) dehiscence of the 
anthers. From Nvinphscaceie and Fapaveraoete, which they resemble in 
certain respects, they are distinguished by their distinct carpels, and in 
the case of the Poppies by their watery" (not milky) juice. Halations 
exist also with some Calycifiorse, as with Kossceie, from which the present 
Order is known by itshypogynous stamens, the abundant perisperm of the 


seeds, and the general propei^ 
ties. Sheathing bases of the 
leaves, re.«>embling adnate sti- 
pules, occur here and in Um- 
belliferse, and they somewhat 
resemble the stipules of Rosa, 
A Irind of representation of 
this Order occurs among the 
Monocotyledons, in Alisma- 
c<*ffi, where the free carpels 
and the habit give a resem- 
blance to those HaniinculocefiB 
which have a ternary .calyx. 
The Preonies approaen the 
Nvmphceacem in the disk, 
wliich is remarkably deve- 
loped in P, Moutan^ almost 
entirely enclosing the caipels; 
the stamens of Pasonies are, 
owing to a slight excavation 
of the re.-eptacle, perigynoua 
rather than hypogynous. 

Number and Dlstribntioii. 

— This Order contains from 
SO to 40 genera and five or 
six hundred species, which 
latter are most abundant in 
damp, cool dimat^ and are 
scarcely met with in the 
tropics, except on mountains. 

Qualities and Uses. — The 

plants of this Order generally 
possess acrid and more or 
less narcotic-acrid properties^ 
some being virulent poisons. 
The poisonous property re- 
sides in the watery juice, and 
is in most cases volatile, and 
capable of dissipation by heal. 


Fig. U2. 



Aeoniium yapgliuM, 


or even simple drying, and hj inftirion in water. It aj^ars to be 
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heightened in power by acids, spirits, sugar, &c. The species of JRaitufi- 
cimis (Crowfoots or Buttercups) are acrid when fresh, especially R, 
iceleratm and R. Flammula, Similar properties prevail in the tribes 
Cleinatidea and Anemoneea, The Hellef^ea are the most active of the 
Banunculaceie, the species of Aconitum (Monkshood) being among the 
most dangerous of poisonous plants, and containing an extremely powerful 
alkaloid, aconitim. The species of this genus appear to diner in the 
(Quality of their juices when grown under varied conditions, somewhat 
like the Hemp-plant, since the roots of the most poisonous of them are said 
to be eaten with impunity in the higher parts of the Himalayas. A, JVh- 
peUu8 (hg.842) and A. Camtnarum (panictuatum) are well-known poisonous 
European Monkshoods; and, according to Dr. Hooker, the celebrated 
Bikh ” poison of India is obtained indiscriminately from A, Napellui^ 
luridunif milpalmatunif as well as from A.feroXj L., which was sup- 
posed to be the sole source. The yellow A. jOycoctomm of Central Europe 
18 far less active. The seeds of Delphinium Staphisatfria (Stavesacre) are 
drastic purgatives and emetics ; the Hellebores (Ilellebonts myer, orimbalisj 
and foitula especially) are likewise violent evacuants, and the PsDonies fall 
into the same category. The berries of the ActetB are poisonous. Some 
of the milder plants are used as tonics, on account of the powerful 
bitter they contain, as the Yellow-root (Hydrastis canadensis) and the 
Gold-thread ( Coptis iHfoliata)^ both Morth-American plants. The pungent 
seeds of Niyella satira were formerly used as pepper. The root of Actaa 
racemosa is used medicinally under the name Radiv Cimidfuyce, 

Many of the Ranuuculacem are favourite garden plants : for example 
the species of Clematis, Anemone, Ranunculus, j&V'anMis (Winter Aconite^, 
IleUeborm, Niyella, Aquilcyia (Columbines), Delphinium (Larkspurs), 
Aconitum (Monkshood), and Peeonia, 


DILLENI ACE/E are trees or shrubs mostly with alternate leathery 
feather-veined leaves, generally destitute of stipules ; an imbricated 5- 
merous calyx and corolla (the former persistent) ; numerous hypogynous 
stamens ; solitary, few, or numerous, distinct or rarely coherent carpels ; 
seeds several, 2, or 1 by abortion, arillate ; perisperm fleshy. — Illustrative 
Genera : DiUenia, L. ; Hibhertia, Andr. ; CandoUea, Labill. 

Affinities, Ao. — Connected with Kaniinculacese by many important points 
of structure, these plants are at once distinguishable by the arborescent 
habit, the persistence of the calyx and the stamens, and the arillate seed ; 
they are even nearer to the Magnoliacece, but have no stipules, and the 
plan of tho'flower is here 5-merou^; they are also relatea to the Ano- 
nacees, which, however, have a v^vate calyx and ruminated perisperm. 
Some of ibho genera (Hemistetnma, Pleuranard) have all the stamens on 
one ride of tne flower ; others have them united into separate bundles, 
probably representing so many divided stamens. A relationship between 
t hjfl Oraer and the Ternstroemiacefe is established by the genus Saurcya, 

Number and Distribution. — A small group of 17 genera and about 
180 species, which are natives chiefly of India, South America, and 
Austrriia ; a few also of Africa, between the tropics. 

Qualities and Uses. — ^The general character of tiiis Ofdor is astrin- 
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gency, which renders some of th^m Taluahle in BrasU. Some of the 
jDiHenia are valued in India for their acid juices. 

Most of the species of DiUenia are ve^ handsomoi both as to foliage 
and blossom; and some of the larger kinds yield hard, durable tiudwr ; 
several species are cultivated in large collections of stove or greenhouse 
plants in this country, where they are evergreen shrubs ; SeUnia and 
Tetracera are stove climbers. 


MAGNOLIACEiE are trees or shrubs, often aromatic, with the leaf- 
buds mostly sheathed by membranous stipules ; leaves alternate, simple ; 
flowers regular, polyandrous, polygynous; thalamus convex, often elon- 
gated; calyx and corolla usually coloured alike, in three or more S-merous 
circles, imbricated; fruit of numerous dry or succulent, dehiscent or in- 
dehiscent carpels ; seeds often with a fleshy testa like an aril, and sua- 
pended by a long funiculus ; perisperm fleshy, homogeneous. — ^Illustrative 
Genera : Tribe 1. Maonolieju : carpels on a lengthened thalamus, leaves 
scarcely dotted : L. Tribe 2. Wintered : carpels in a circle ; 

leaves with transparent dots ; stipules often wanting : Drtmys, K. Br. 

AfiOnlties, ftc. — Closely related to Dilleniacem, this Order is distinguished 
by the 3-merous flowers, and in many cases by its stipules ; from the 
Anonacem it is separated by its imbricated corolla and its homogeneous 
perisperm. The convolute stipules enclosing the leaf-buds of Mugmiia 
remind us of the stipules of Fiotis and other Urticacece. In MagtuJia the 
course of development shows that the stipules arise from the edges of the 
leaf-stalk, and that their originally free edges become combined to form 
a sheath over the bud. The character of the flowers indicates a relation- 
ship with 8chizandrace89. 

Zfiimber and Distribution. — A small group of 8 or 9 genera, and 70-80 
species, the greater number of which belong to the Southern States of 
>iorth America; some occur also in the West-India Islands, in Japan, 
China, and India. Drimya and Tastnamia belong to the extreme soutn of 
South America, to Australia, and New Zealand. 

Qualities and Uses. — Bitter tonic properties in the bark and exces- 
sively fragrant blossoms are the most striking qualities of the plants of 
this Order, which are chiefly handsome trees or shrubs, with broad 
shining foliage and often very large flowers. The barks of Magnolia 
glauca^ grandvfiora^ Frazerif &c. are used in the United States as aromatic 
tonics ; Michelia invntana, Arotnodendron degmiB, and lAriodendron tuU* 
pif&ra have similar properties. The jodour of Magnolia grandifioraj and of 
M, glavca and 3f. tripetala, is so powerful as to become very oppressive 
in close places ; the last two often induce headache. The spscies of 
lUiciutn are aromatic : lUicium anwatamy Star-Anise, is so called 
the flavour of aniseed in the whole plant, especially the fruit, which yields 
an aromatic oil. L floridanum has similar prop^ies ; and the seeds of 
J. religiosum are burnt by the Chinese for incense. The bark called 
Winter’s bark is that of ihrimys Winteri ; and other species of Drinm 
and Tasmannia have similar aromatic and tonic properties. Some of the 
larger species of MagnoUoy Mkheliay and other genera are valued as timber 
trees in India. Many plants of this Order are cultivated in this country 
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on account of iBeir beauty or : Bome are hardy, as Tarioua Mafr- 

nolias and the Tulip-tree (Liriodendran) from North America. Some of 
the Chinese and Himal^an Ma^olias have deciduous foliage and magni- 
ficent fiowers, such as Jl/T CampheUi and ilf. Yttlan ; others are greenhouse 
or stoTe shrubs, such as the species of lllidum and the more tender 
Magnolias. 


ANONACEiE. The CtrstABD-ApPLB Obdeb. 

CoA. Ranales, Benth, et Hooh. 

Jkagnom * — ^Trees or shrubs with naked buds and no stipules ; thalamus 
usually prominently convex ; calyx of three sepals ; corolla of six petals 
in two circles, usually valvate in the bud, hypogynous, sometimes co- 
herent j stamens with an enlarged connective, mostly indefinite, on a larircT 
torus ; camels usually numerous, separate or cohering ; seed with rumi- 
nated perisperm. — Illustrative Genera : Boeagea^ St.-Hil. j Xyhpia, L. 

Affinities, Ac. — This Order is separated from the Magnoliaceae in general 
by the absence of stipules, the valvate eestivation of the corolla, and the 
form of the anthers ; but stipules are not universal in the Mf^oliacete, 
nor is the corolla always valvate here. The most characteristic features 
in the Anonacom are the trimerous flowers, the double corolla, the form 
of the anthers and carpels, and the ruminated perisperm, which latter 
indicates a relationship to the Myrislicaceae, an apetaloiis Order. Several 
remarkable deviations from the general character of the Order exist, such 
ns the coherent condition of the horn-like petals in BoUhna^ the definite 
number of stamens and carpels in Bocagea (which is related to the Ber- 
beridaceas and the Menispermacem), and the concave thalamus, the sepals 
and petals combined to form a hood, and the perigynous stamens of 
EnpomatM laurina. Monodora has a single carpel. 

Number and Dietrllmtion. — Genera about 40, species about 400 j natives 
of the tropical regions of Asia, Africa, and America. 

Qualities and Uses. — ^The Anonacese are allied to the Magnoliacem 
by their general aromatic and fragrant properties. The dry fruits are 
mostly aromatic and pungent, while the succulent kinds are sweet and 
agreeable esculent fruits. The Custard-apples, Sweet-sops, and Sour- 
sops of the West Indies, and the Peruvian Oherimoyas are the fruits of 
species of Ancna, The fruits of Xghpia arofmtica are used as pepper by 
tne African negroes (Piper athiopictwi), Monodora Myristicn^ the Cala- 
bash Nutmeg, has qualities resembliBg the true Nutmeg. Ijance-wood, 
used for niaking shafts, bows, &c., is said by Schomburgk to be the wood 
of Buguetid gvttarensie. Some of the species of Anona, Uvaria^ Xylopia^ 
(^c. are sometimes cultivated in stoves in this country, forming evergreen 
shrubs. . 

MONlMIAOEiE are aromatic traes or shrubs with opposite leaves 
without stipules; flowers axillary, diclinous; thalamus concave, peri- 
anth in 1 or 2 circles, tubular below ; stamens numerous, springing from 
the tube ; ovaries several, free, and distinct, enclosed in the tube of the 
thalamus, 1-celled, i-see^d ; seeds pendulous ; embryo minute, with thin 
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sprefidinjr cotyledons, on the ontside of abundant fleshy pcrispemiv—Tbia fa 
a ftnall Order of plants belonging chiefly to South America, but occumuff 
also in Madagascar, Java, Australia, Ac. ; sometimes combined with the 
next family, and usually referred to the neighbourhood of Lanraceie, from 
which they are distinguished by their apocarpous ovaries, but, like the 
Atherospermocess,^ standing properly in their vicinity of the Anonacess, 
along with Myristicacem ; for some genera are dichlamydeous. They are 
also related to Oalycanths and Roses, but they differ from these Orders in 
their opposite exstipulate leaves and albuminous seeds. Baillon unites 
them with Calycanths and Atherosperms, and places them near Magno- 
liacesB, to which their aromatic properties ally them. They are not of im-' 
portance economically; the fruit of is eaten in Chili. — Genera: 

Mmimia^ Thouars; Citroamay R. & P.; BMoa^ Juss., &c. 

MENISPERMACE.E. The Mooh-beed Oedbb. 

Coh, Ranales, Bendh, et Hook, 

JDtagnom . — Woody climbers, with palmate or peltate alternate leaves, 
without stipules ; flowers dioscious, rarely perfect or polygamous j sepals 
and petals similar, in three or more circles, imbricateci or valvate in the 
bud ; stamens usually (1, superposed to the sepals and petals ; pistils 
8-6-gynou8, on a small tbalnmua ; fruit a 1 -seeded drupe, with a lai^ or 
long curved embryo in scanty perisperni. — Illustrative (lenera: Jateorrhisa^ 
Miers j Meniapermuntf Touruef. ; CisaampeloSj L. j Coccukta^ DO. 

Allliiitles, Ac, — This curious Order is related to the Anouacese and the 
Berberidaceaa through Bocagm^ especially when the flowers are perfect. 
Its nearest neighbours are Lardizalmlaceie and Schizandracete, with which 
the plants agree much in habit. All these approach the Magnoli^em ; 
hut the habit, the generally unisexual flowers, and the absence of stipules 
separate them from that family. This Order is very heteromorphous in 
almost all parts of its structuris. The peculiar organization of the wood 
and foliage deserves attention. 

Number and Dlstribntion. — Genera about 30 ; species (under a hundred) 
are natives of the tropics of Asia and America, forming woody cliinbers 
of great size in the forests. . A few are found in more temperate regions, 
but none in Europe. 

Qualities and Uses. — Narcotic and hitter properties of considerable 
power occur in this Order. ‘‘ Cocculus Indicus,^ containing the poisonous 
principle picrotoxine in the seeds, consists of the berries of Anamiiia 
coccuhia ; Jateorrhiza palmata or Caiumba furnishes “ Calumborroot ; ” 
different species of CVssam/’e/os, ae well as Chondodendran tonumtoauh^ the 
roots of which furnish Pareira brava, are used as tonics and diuretica In 
India the seeds and roots of Gulancha,” Tinonpora cordifolUiy are used 
for similar piirposea Species of Cocculus adfl Ciaaampeloa are grown in 
stoves in this country j some of the Ncnrth-American MenUpermu grow as 
ha^y climbers here. 

LARDIZABALACE.dS constitute a small group, referred bv Bentham 
and Hooker, as also, by Baillon, to Berberids, and by De Candolle to 



SYSTEMATIC BOTANY. 


Mexiisperms. From the former thej differ in their diclinous ffowers, 
monaaelphous stamens, sutural dehucence of the anthers, and more 
numerous ovaries. From the latter they differ in their more numeioiui 
ovules and small embryo in copious solid perisperm. — Illustrative Qenera : 
HoUboeUiaf Wall. ; Stauntoniaf i)0.; Lardizabula^ Ruis et Pay. 

llie species are mostly from the cooler parts of' Asia and South 
America. The berries of souie are edible. HdlbbsUia and Stauntmia 
(Nepal^ have been introduced os greenhouse evergreen climbeis, and are 
hardy m the south of England. 

‘ SCIIIZ AN DRAGEE form a small family re^rded byBentham and 
Hooker as a tribe of Magnoliacete, from vrhich they differ merely in their 
climbing habit, exstipulate leaves, diclinous Howers, and lleshy 2^-seeded 
carpels. — Illustrative Genera: Kadsura, Juss. ; Schizandra, L. C. Rich. 

The species belonjr to India, Japan, and the S. United States. They 
are insipid and mucilaginous. Schizandra cortima (North Ameiica) is a 
handsome greenhouse plant ; Sphierostenia {Nepal) has been introduced 
in stoves. 

SABIACEyE are a small Order of East-Indian plants, related to the 
Anncardiacem, and particularly to the Menispeiinaceae, in the circum- 
stance that the sepals, petals, stamens, and ovaries are all superposed to 
each other, but they have /)-meroua hermaphrodite flowers and a syncar- 
pous pistil. By Bentham and Hooker they are placed near Sapindacem. 


BERBERIDACEJE. Tue Bebbeeby Obdeb. 

Coh, Ranales, Bmih, et Hook, , 

Diagnosis , — Shrubs or herbs, with regular hermaphrodite flowers, with 
the sepals and petals both imbricated in the bud in 2 or more circles of 
2-4 each (tig. 343) ; hypogynous stamens as many as the petals and 
superposed to them ; anthers opening by 2 recurved valves. Carpel soli- 
tary, free ; fruit baccate or dry ; embryo straight in perisperm. — lUiistra- 
tivo Genera ; Berheris^ L. j Bpimvdimn^ L, 

Afflnltiei, Ac. — To Ranunculacem this Chder is related closely by J^er~ 
atmia and Podophyllum, Epimedittm allies the order to Fumariacese. The 
apparent siipeipo'sition of parts is here due to 
the decussation of whorls (tig. 343). The con- Fig.. 343. 

nexion with the Anonaceee through Bocagea h^ 
been referred to above. They diffeafrom Meni- 
sperms. to which their floral airangements ally 
taem> in thejr hemaphrodite flowers and small 
embryo. The remarkable mode of dehiscence 
of the anthers connects this Order in that respect 
with Lauracem and Atherospermacees among the 

Monochlamydeas. Caulnphyllum thdictroideSf a - ^ 

North- American plant, is mteiestuig from the bnoteole?^ 

development of iti fri^it : the pellc^ dehisces 

ve^ early, and the two seeds bur^ out and ripen into naked beny-like 
bofUiBs with a succuleiit teatat The leaves of mse plants ere simpe or 
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compound, sometimes reduced to the condition of spines. The ripe satbem 
poss^ a ^culiar irritability, which causes their valves to turn back and 
burst when touched, so as to allow of the emission of the pollen. 

DSstrilratlon. — A small Order of about 12 genera and under a hundred 
species, which are .natives of temperate climates in America, Europe, and 
tbe northern part x^-India. 

. Qualities wd Usea — ^The bark of the root of some of the 
species contains a bitter principle, on which account it is used as a tonic 
in fevers in lieu of <|uiuiiie. llie Lycium ” of the ancients was identical 
with the extract prepared in India from the wood or root of severid species 
of Herheru, The Iter berry (the Iruit ot Berberia sWparts) and the fruits 
of other species are acid and astringent, and are eaten preserved. The 
stem and biirk are used by dyers, both on account of their astringent pro- 
perties and as iugi*edieiits in a yellow dye. The rhizome of PocUrnhyllum 
furnishes a lesin which has purgative properties, and is much 
used as a substitute for mercury. The leaves of this plant are narcotic ; 
but the berries are edible. Berheria tuUjaria is a Dritisli plant, often cul- 
tivated on account of its beautiful scarlet berries ; the evergreen llerberacem, 
B> AquifoUum, Nutt.), are also extensively planted on 

account of their shining pinnate leaves and the grey bloom on their blai'k 
berries. Bpimedium aiptnttm is a rare liritish plant, found in the northern 
counties. 


NYMPHjEACE.®. Watee-Lilies. 

Coh, llauales, Benth, et Hock. 

Diagnosis.^kx^BXic herbs with cordate or peltate floating leaves, and 
solitaiy showy dowers, proceeding from a rhizome growing ut the bottom 
of the water ; the parUaily petoluid sepals and the numerous petals and 
stamens imbricated in several rows partially or whuUy emerge from a 
large fleshy disk; the numerous carpels 'combined into a many-celled 
compound ovary, with radiating stigmas on the top; ovules all over the 
spongy dissepiments ^ embryo minute, enclosed in a separate sac at the 
end of the copious perisperm. — Illustrative Genus : Nymphma. 

Attnittoe, Abi — ^The relations of this striking Order are varied, and some 
dilterence of opinion exists among botanists even as to their position m 
tlie two great classes of Angiuspermous Flowering plants. The embryo 
appears to be truly Dicotyledonous ; and they naturally approach the Papa- 
veracece iu the cbaracter of the ovary* and the Pieony tribe among the 
Kanuculaoem, especiaily the kinds with a highly developed disk.^ The 
character of the doral envelopes and stamens allies them to Magnoliacea. 
The Nelumbiacem and Cabumbacees are immediately connected with 
them. IVom a mistaken view of 4he structure of the seed, regarding the 
viteUus or amniotic inner endosperm as a cotyledon, Kichard assumed 
that this Older was Monocotyledohoiu; and altnough it has proved that 
this account of the structure of the e^i^o was incorrect, the plants are 
so anomalous in mkiiy lei^iiiects, that it Is difficult to decide as to their 
Olosest relationships* lliei atmeture of the ihisomes is ^uita that of 
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Monocotyledonous stems ; the babit relates them to the Hydrocharidacess ; 
and the structure of the ovaries indicates some affinity with Alismacem. 
When, however, we regard the Dicotyledonous embryoand its ^rrainarion, 
the quaternary or quinary plan of the dowers, and the netted robing of the 
leave^ together with the close relation to the Dicotyledonous Orders above 
named, the balance of characters is strongly in favour of its reference to 
this class. Nymphseaceie are very interesting in structural respectfl — as, 
for example, in the anomalous condition of the rhizomes, the remarkable 
development of the leaves in Victorta^ the curious succession of forms 
between petals and stamens in the flowers of NympJuBa and Victoria^ the 
various degrees of development, of the disk and enlarged receptacle, 
ranging from Nuphar with a superior ovary to Victoria with its ovary 
sunk in the receptacle and its stamens and envelopes raised on an 
annular disk, the seeds growing all over the dissepiments, and in the 
peculiar condition of the albumen. Barclay a has united petals. 

IMstrlbution.-— A small family of 4 or 5 genera and 80 to 40 species, 
which are distributed throughout the world^ more rarely in the southern 
hemisphere. 

Qualities and Uses.>~These plants are said, on doubtful authority, to 
be sedative and narcotic. More important characters arise from the pre- 
sence of starch in the seeds of various kinds of Nymphaa^ of Euryale and 
Victoria, which are used as food. The rhizomes of some Nympbfeas are 
eiten in Scinde, others in Western Africa. Among the most remarkable 
plants of the Order is the Victwia reyia, a native of the rivers of equa- 
torial America, with its enormous circular leaves and beautiful flowers. 
Our native Water-lilies, the white (Nymph<ca aU)a) and yellow {Nuphar 
liitea),^ are botli striking objects, and the cultivated Nyrnphera cartdea and 
the crimson N ruhra illustrate the brilliancy and variety of colour in this 
beautiful Order. N. giyantea, a blue-flowered Australian species, has 
flowers almost as laxge as those of the Victoria, 

CAnoMBACEwis, consisting of only two species, of the genera Cahomha 
and Branenia {IIydroj)eUi8) , are sometimes separated from Nymphseoceas, 
of which they are a reduced form, with definite sepals and petms, hypo- 
gynous stamens, distinct carpels provided with styles, inserted on a 
flattened torus, and containing one or two ovules on the dorsal suture. 
They are closely allied to lianunculacose, but differ in the embryo 
enclosed within a double albumen. Both genera occur in America, and 
Brasmia also in the East Indies and Australia. 

t 

NlilLUMBIACEj^ are large aquatic plants, like Water-lilies, but with 
distinct carpels, forming acorn-shaped nuts separately imbedded in cavities 
ot a large top-shaped thalamus. Seeds solitary, ‘^aperispermic. This 
Order consists apparently of the two species of the one genus 
N speeiomm, supposed to be the SadM Egyptian Bean, found throughout 
the East Indies, hut no longer met with in Egypt, and N hdcum in North 
America. They are nearly related to Nymphieacese, through Cobombaceie ,* 
and both are included .in that *flimily by Bentham and Hooker. The 
enlamd recentacle of the flower is very curious, and the peltate leaves 
raised above tlie water on long stalks are remarkable objects. The nuts 
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are the ripened carpels, which are contained in separate sockets in the top 
of the thalamus; the seeds have large flat- fleshy cotyledons applira- 
against the plumule, which is unusually developed. The seeds, as also 
the tubers of N, hUeum and the rhizomes of if. tpeeumm, are esculent^ 
being full of farina at cerfain seasons. 

SARKAOENIACEiE are polyandrous and hypogynous Bog^plants, 
with hollow pitcher-shaped or trumpet-shaped leaves, and regular poly- 
androus h^ogynous flowers.— Illustrative Genera : Sarracenia, L. ; 
linfftonia, Torr. 

AAnities, asb — These curious plants, chiefly remarkable for their 
anomalous leaves, forming ascidia or pitchers, are few in number, con- 
sisting of a few species of Sarracetna in the United States, a Darlin^tonia 
in Caiitbrnia, ana Heliamphora in Guiana. Stirracetiia has a very large, 
angular, peltate stigma, while that of Heliamphora is simple and truncate. 
Tliey ai*e regarded as related to liimuneulacem by the 4-^merou8 and 
imbricated envelopes and the numerous hypogynous stamens, while the 
coherence of the carpels into a compound ovary brings them at the same 
time near Papaveraceie ; but the placentas are axile. The pitchers aro 
in this case formed by the disproportionate ipow th of the marginal as 
contrasted with the central poilious of the leaf. They secrete a digestive 
fluid which causes the solution of insects, &c., which find their way into 
the pitchers, and which solution is in time absorbed by them. 


PAPAVEEACB.E. The Poppt Oudeb. 

Cuh, Parietales, Betvth, et Hook. 

Diagnosis. — Herbs with milky (white or coloured) juice, alternafe 
exstipulate simple or lobed leaves ; flowers regular, 2-merous or 
4-merou8 ; sepals caducous ; stamens polyandrous, hypogynous, 
rarely perigyuous ; ovary syucarpous, 1-celled, with 2 or many 
parietal placentas. 

Character. 

Tiialamm flat or expanded. Calyx : sepals 2, rarely 3, caducous. 
Corolla : petals 4, rarely 6, hypogynous, mostly crumpled up in 
mstivation. Stamens free and distinct, indefinite, hypogynous ; 
anthers 2-celled, bursting longitudinally. Ovary free, composed 
of 2 or more carpels (very i^ir^ly distinct), 1-celled ; ovum nu- 
merous, very rarely solitary ; placentas broad, parietal, on the 
projecting incomplete dissepiments ; style short or none ; stigmas 
radiating, double, opposite the impenect dissepiments; ovules 
anatropous or amphitropous. Fruit capsular (fig. 345) with a 
number of pla^ntas on imperfect septa, or pod-shaped with 
parietal placentas, the dehiscence valvular or porous; seeds 
mostly numerous ; embryo minute, straight, at the base of fleshy 
oily perisperm.— -Illustrative Gendra: Chelklonvum^ Tournef. ; 
Papaver^ Tournef. ; Qlaucium, Tournef. 
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'AAiiIiim, iMb — ^Thofypicalfloralfbrmulau 82 P4 goAqdG 3. Taking 
the common Poppies as t^rpes of this order, we find a marked didtinctioB from 
Raounculaceas in the 2-*nierons calyx, the confluent cc'^ls, and the milJij 
juice ; but the first two of these characters do pot hold universally, since 
Argemnm has somdtimos 3 sepals, and FUttydenion has the carpels more 
or less distinct, or united only slightly extemaliy. Bocconia^ with small 
flowers and no petals, approaches to Tha3ictrum\ it has but a single 
carpel. Monstrous capsules of Paptnftr occur in gardens with the carpels 
partly free, somewhat as in Nigella. This Order is also related to the 
Nymphseacess bv the general structure of the flower of Papaver\ and the 
dissepiments extend quite to the axis in the Californian ^nus Romneya, 


Fig. 344. 


a 



Another genus from the same regioti, Dendrwnecm^ has peculiar double- 
lined panotal placentas, and the capsule bursts into 2 valves with the 
seeds on the margins, as in Cistaceie. The quatemarv arrangement of 
the doral envelopes and the pod-shaped o^ an' of EachsckoUtiaj GUtuciumj 
Chelidonium, &c. cause a close resemblance to Cruciferse and Capparidacem, 
from which, however, there is a marked distinction ^in the perispermic 
seeds and the narcotic milky Juice. The tetradynamous stamens of 
Cruciferas, too, almost always afford a strikmff character ; but a remark- 
able exception is supplied by an East-Indian polyandrous Crucifer 
{Megacarp€m pidyandra), whose stamens are numerous like those of a 
Poppy. The ueaiest relatives of the Papaveraoem are the Fumariacee, 




ih M combined wilb them m an hregidar tom by tome liMihMI* 
agreement ia great in many reapeota; but the Ihmaaiieem baVf 
inegtlfo flowen, diadelphotia stamena, and a watery juice: the fanua 

S however, has the corolla nearly regular, and ita 4 atambha are 
ud MeconelUif in the present Chrder, has but 4<-5 atamena $ ao 
mm is midway, as it were, between the Orders, 
ctural points most worthy of note are the varied conformation 
3 r, and the peculiar construction of the stigmas by two lamalln 
ling carpels. ^ There is a curious enlargement of the receptacle 
)UzMy with circumscissile separation of the coherent caducous 
sepals in the form of a conical cap. The stamens and petals, more iver, 
become perigynous in this genus. The sepals in most cases fall off when 
the flowers expand, so that they mu'^t be observed in unopened flowws. 
In EschscholUtiia the receptacle is at flmt flat with two sepals, which 
become connate, four petals, three rows of stamens,, and four carpels, of 
which two are abortive (M. T. M.). 

Dtatributioii. — The group is not a large one ; but the species occur in 
all parts of the globe, but sparingly out of Kurope (in a wild state). 


Quolitlea and Uies. — The milky or coloured juice of PapaveracesB is 
generally powerfully narcotic, sometimes acrid. Papaver somnifemm^ the 
Opium Poppy (fig. 344), is the most important plant of the Older, the 
opium consisting of th^ dried milk} juice obtainwi from the unripe cap- 
sules (hg. 34o). Its natho country is unknown ) but it is laigely cuUi- 
\ated in Turkey and the East Indies. Its seeds yield a ii\od oil, which 
is quite harmless and is used both bv itself and as a means of adulterating 
oli> e-oil: the oil-cake is also used for feeding eiUtle. The seeds oi 
Argemme meiicana are narcotic-acrid. The yellow acrid juice of CAeA- 
dmium majus, as also that of Jioccowa fruUsmuty is poisonous, and is 
sometimes used as an escharotic. Sanqmnarm canadeum, the }flood-root 
or Puccoon, receives the former name from the red juice of its root, which 
is employed in North America for its emetic and; purgative properties. 
Mebonopsis nepalensts is ^aid to be very poisonous, especially in the roots. 

Several plants of this Older are wild m this country, as the four kinds 
of Red Poppy of our fields, the commonest of which is Papaver Phatu, 
P, somniferum is a corn-field weed in many places on chalky soil ; and its 
numerous double varieties are to be found in most gardens. Glnuciam 
hxteumy the yellow Homed Poppy, grows on our sea-snores ; Chelidonium 
megua grows about hedges near villages, and is apparently an outcast from 
gardens ; the other native plants of this Order are less common. Eech- 
schoUsdaf a Californian genus, is now found in every garden ; and Platy^ 
eAemWy Argemone^ and other genera Ire also cultivated here. 


FUMARIACEJE. The Fpmitoet Osdeb. 

Coh, Parietales, Bmth, H Hook* 

Diagno ^. — Delicate smooth herbs with waterjr op colourless juice, 
dissected leaves, irregular flowers, with 4 partly united petals, 
6 diadelphous or 4 distinct stamens ; ovary 1-oelled, l-seeded, or 
several-Beeded with two parietal plao^tas. 


tmmuLfw 9Oii0[k 


, t C^tmtckr. 

Thalamus small. Cdlpaf : sejtaU 2, cadusous. CorcUa 0Mm 4^ 
in 2 circles. Stamms hypogynous, mrel/ 
stinct, t>pposite to the |>etals, or 6, diadelphous, ijhp 
opposite to the oliter petals, eac‘h with a central 2*cdw tfntbe^ 
and 2 lateral 1-celled anthers. Ovary free, 1-celled ; ; 

stigma with 2 or more points ; ovules horizontal, ampmlto|Hl}US* 
Fruit : an indehisceut 1- or 2-8eeded nut, or a dry oc 

succulent indehisceut many-seeded pod ; seeds ^shmtDg^ mostly 
arillate; embryo minute, abaxial, straight or cur\^e4,,ra fleshy 
perisperm. — Illustrative (l-enera: Dieentra, Borkh*^ 

Toumef . ; ITyjyecoum, Toumef. - * 

AOinltlM, acb — The close relationship to Papaveracefe has been petnted 
out. l^ntham and Hooker indeed include Fumitories under that fiimily. 
Ilypecoumf with its four distinct stamens, di\eige8 from the ozdfnaiy type 
immediately towards that Older. The number, form, and arrangement 
of the iloriil envelopes mark an afilnity to the Berbeiidacees, which il^e* 
wise liav e stamens opposite to the petals. A further relationship ejdsts 
in the direction of Oruciferoi, concerning which, however, authm^ are at 
variance, on account of the curious condition of the dindelphous itamene i 
here. The view taken of the morphology of these flowers by Payer, 
Eichler, Oaruel, and others is that there are two sepals formed success 
sively, two outer petals formed simultaneously, two inner petals also formed 
simultaneously, twoputer stamiuol tubercles, each of which becomes three* 

lobed; a second staminal whorl is abortive — 82 r2+2A2-f2(^ 
The t^ilobation of the petals of llypecwtm is analogous with thiltvof tba 
stamens. [In Dielytra I find in the coiiise of development t4^0 ^e; 
four petals iii two rows, two “ compouud stamens (ot which the ^ 
lobe IS lai’gest and bears a two-celled auther, while the lateral an 
but a single auther-lobe), and two caipeh. — M. T. M.] The tn 
which the horned stigmas push themselves iigainst the extrorse ant 
the blossom of FumariUf while the petals cohere by their tips, is wO: 
examination, as also are the modifications of the staminal 
Fumariaf Dicentra j &c. The long pod of Hypecoum has transverse ep 
septa between the seeds. The pollen of lumana is polyhedric. ^ 

Distribution. — ^The species are not verv numerous, and are mos^lbund 
in the temperate parts of the Northern Hoiuisphere. 

Qualities end Uses. — Mild bitter, sometimes rather acrid, and wSth 
slight dia^oretic and aperient pioperties, but of little importance in this 
respect, genua fumaria has a number of rather doubtful 
this couiflS^ Cmdalis davkulata is not very rare in woody 
several til^||amu»4|pted species of Ccrudalis are found os hardy 
plants in our gsae%^ Dkentra {Dtelytra ) epectahdis, a handsoi 
tfoecies, is now gteatlv ojillava ted as an early-flowering 

bVtiti.hartySnK>liMWIll1S. 





